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THE ASSOCIATION. 


OBJECT S. 

Tite Absociation contemplates no interference with the ground occupied by 
other institutions Its objects are —To give ft stronger lmpulse and a more 
systematic direction to scientific inquiry,—to promote the intercourse of those 
who cultivate Science m different parts of tho British Empire, with one 
another and with foreign philosophers,—to obtain a more general attention 
to the objects of Science, and a removal of any disadvantages of a public kind 
which impodo its progress. 


RULES. 

Admission of Members and Associates . 

All persons who hare attended the first Meeting shall be entitled to be¬ 
come Members of the Association, upon subscribing an obligation to con¬ 
form to its Rules. 

The Fellows and Members of Chartered Literary and Philosophical So¬ 
cieties publishing Transactions, in the British Empire, shall bo entitled, m 
like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, of 
Philosophical Institutions shall be entitled, m like manner, to become Mem¬ 
bers of tho Association. 

All Members of a Philosophical Institution recommended by its Council 
or Managing Committoo shall be entitled, in like manner, to become Mem¬ 
bers of the Association. 

Persons not belonging to su?h Institutions shall be elected by tho General 
Committee or Council, to bocomo Life Members of the Association, Annual 
Subscribers, or Associates for the yoar, subject to the approval of a General 
Meeting. 

Compositions , Subscriptions, and Privileges. 

Lot Mjimnra* shall pav, on admission, the sum of Ten Pounds. They 
shall receive gratuitously tie Reports of the Association which may be pub- 
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lishod after the date of such payment. They are eligible to all the offices 
of tho Association. 

Annual Subsckibees shall pay, on admission, tho sum of Two Pounds, 
and in each following year the sum of Ono Pound. They shall receive 
gratuitously tho Reports of tho Association for tho joar of their admission 
and for tho years m which they continue to pay without intermission their 
Annual Subscription By omitting to pay this Sutistriphon in any particu¬ 
lar year, Members of tins class (Annual Subsenbers) lose for Hint and nil 
future years tho privilege of receiving tho volumes of tho Association gmtis 
hut they nmj resume their Membciship and other pimloges at unj sub¬ 
sequent Mooting of tho Association, paying on each such occasion tho sum of 
Ono Pound. They are eligible to all tho Offices of the Association. 

Associatfs for the year ahull pay on admission the sum of Ono Pound. 
They shall not receive <patuitoushj tho Repoits of the Association, nor be 
eligible to servo on Committees, or to hold any office 

The Association consists of tho following classes — 

1 Life Members admitted from 1831 to 1S45 inclusive, who hu\c paid 
on admission Five rounds as a composition 

2. Life Members who m 1 <840, or in subsequent years, hn\ c puid on ad¬ 
mission Ten Pounds as a composition 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to tho 
payment of One Pound annually. [May rtsunio their Membership after in¬ 
termission of Annual Payment J 

4. Annual Members admitted in any year since 1839, Bubjcet to tho pay¬ 
ment of Two rounds for the first year, nnd One Pound in each following year. 
[May resume their Membership after intermission of Annual Payment J 

5 Associates for the year, subject to the payment of Ono Pound. 

8 Corresponding Members nominated by the Council. 

And the Members and Associates will bo entitled to receive the annual 
volume of Reports, gratis, or to j purchase it at reduced (or Members’) price, 
according to tho following specification, viz — 

1. Gratis —Old Life Members who have paid Five Pounds as a compo¬ 

sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Book Subscription, or, since 1845, a 
further sum of Five Pounds 

New Life Members who have paid Ten Pounds as a composition. 

Annual Members who have not intermitted their Annual Sub¬ 
scription. 

2. At reduced or Members’ Prices, viz. two thirds of tho Publication 

Pnce.—Old Life Members who have paid Five Pounds as a 
^composition for Annual Payments, but no further sum as a 
'Book Subscription 

Annual Members who have intermitted their Annual Subscription* 

Associates for the year. [Privilege confined to tho volume for 
that year only ] 

8. Members may purchase (for the purpose of completing their sets) any 
of the first seventeen volumes of Transactions of the Associa¬ 
tion, and of which more than 100 copies rematn, atone third of 
the Publication Price. Application to he made at the Office 
of the Association, 22 Albemarle Street, London, W, 
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Volumes not claimed within two years of the date of publication can only 
bo issued by direction of the Council. 

Subscriptions shall be received by the Treasurer or Secretaries. 


Meetings, 

Tho Association shall meet annually, for one week, or longer The place 
of each Meeting shall be appointed by the General Committee two years in 
advance, and the Arrangements lor it shall be entiusted to the Officers of 
tho Association. 


General Committee. 

Tho General Committee shall sit during the week of tho Mooting, or 
longer, to tiuusuct the business of tho Association. It shall consist of the 
following poisons, — 

Class A. Pmuianun r Mlmulus. 

1, Members of the Council, Piesidunts of the Association, and Presidents 
of Sections for tho present and preceding years, with Authors of Reports in. 
the Transactions ot the Association 

2 Members who by the publication of Works or Papers have furthered 
the advancement ot thoso subjects which are taken into consideration at the 
Ncctionul Meetings ot the Association. With a view of submitting new claims 
unde* tins Rule to the illusion of the Count tl t they must he salt to the Assistant 
Gene ml Sicntaiy at least one month Injure the Meeting of the Association . 
The decision of the Council on the iham\ of any Mania oj the Association to 
he placed on the list of the Qtneial Committee to be final. 

Class B. Temporary Members 

1. The President for the time being of any Scientific Society publishing Trans¬ 
act ions or, in lus absence, a delegate repiescnting him Claims under this Rule 
to be sent to the Assistant General Secretary before the opening of the Meeting. 

2. OfHce-boarois for the tnno being, or delegates, altogether not exoecding 
three, from Scientific Institutions established in the place of Meeting. 
Claims under this Rule to be approved by the Local Secretaries before the 
opening of the Meeting . 

3. Foreigners and other individuals whose assistance is desired, and who 
are specially nominated in writing, for tho Meeting of the year, by the Pre¬ 
sident and General Secretaries, 

4. Vice-Presidents and Secretaries of Sections. 

Organising Sectional Committees *. 

The Presidents, Vice-Presidents, and Secretaries of the several Sections 
are nominated by the Council, and have power to act until thoir names ar© 
submitted to the General Committee for election. 

From tho time of their nomination they constitute Organizing Committees 
for the purpose of obtaining information upon the Memoirs and Reports 
likely to bo submitted to the Sections f, and of preparing Reports thereon, 

1 hy *he General Committee, Edinburgh, 1871 

* "jWf* t9 Cm/rttafc** Memotra>~ Author* are remolded that, under an arrange* 
meat dating from 1871, the aooepUnce of Memoirs, and the days on which they ^re to be 
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and on the order in which it is desirable that they should be read, to be pre¬ 
sented to the Committees of the Sections at thoir first Meeting 

An Organizing Committeo may also hold such preliminary Meetings as the 
President of the Committee thinks expedient, but shall, under any circum¬ 
stances, meet on the first Wednesday of the Annuul Meeting, at 11 a m , to 
settlo the terms of their Report, after which their functions as an Organizing 
Committee shall cease 


Constitution of the Sectional Committees *. 

On the first day of the Annual Meeting, tho President, \ ice-Presidents, 
and Hecrctnnes of each Section having been appointed b> the Uencrnl Com¬ 
mittee, those Officers, and those pic\ions Presidents and Vice-Presidents of 
the Section who may desire to attend, are to meet, at 2 r m , in their Com¬ 
mittee Rooms, and enlarge the Sectional Committees by selecting individuals 
from among tho Members (not Associates) present at the Meeting whose as¬ 
sistance they may particularly desiro The Sectional Committees thus con¬ 
stituted ehull have power to add to their number from day to day 

The List thus formed is to he entered daily m the Sectional Minute-Book, 
and a copy forwarded without delay to the Printer, who is charged with 
publishing the Bame hefoie Sam on tho next day, in the Journal of tho 
Sectional Proceedings. 


Business of the Sectional Committees . 

Committee Meetings are to bo held on the Wednesday at 2 P m , on tho 
following Thursday, Friday, Saturday, Monday, and Tuesday, from 10 to 
11 am, punctual!), for the objects Blatcd in the Rules of the Association, 
and specified below 

Tho business is to be conducted in the following manner*— 

At tho first meeting, one ol tho Sccretanes wiU read tho Minutes of last 
year’s piocoedings, as recorded in the Minute-Rook, and the Synopsis of 
Recommendations adopted at the last Meeting of the Association and printed 
in the last volume ol the Transactions. He will next proceed to read the 
Report of tho Organizing Committee t* The List of Communications to be 
read on Thursday shall bo then arranged, and the general distribution of 
business throughout the week shall be provisionally appointod. At the close 
of the Committeo Meeting tho Secretaries shall forward to the Printer a List 
of tho Papers appointed to be read. Tho Printer is obarged with publishing 
the same before 8am on Thursday in tho Journal. 

On the second day of the Annual Meeting, and the following days, the 

wad, are now an far aa possible determined by Organising Committee* for the several 
Section* before the beginning of the Meeting It has thorefore become noocseary, in order 
to give an opportunity to the Committee* of doing justice to the several Communications, 
that each Author should prepare an Abstract of his Memoir, of a length suitable for in¬ 
sertion in the publwlmd Transactions of the Association, and that be should send it, toge¬ 
ther with the original Memoir, by book-post, on or before.... addretod 

thus—“ General Secretaries, British Association, 32 Albemarle Street, London, W. For 

Beotian.” If it should be inoonvement to the Author that hi* Paper should be read 

on any particular days, be is requested to send information thereof to the Secretaries in a 
separate note 

* Passed bjr the General Committee, Edinburgh, 1871. 

t This ana the following sentence were added by the General Committee, 1871. 
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Secretaries are to correct, on a copy of the Journal, the list of papers whioh 
have boen read on that day, to add to it a list of those appointed to be read 
on the next day, and to Bend this copy of the Journal as curly in the day os 
possiblo to the Printers, who are chargod with punting the same before 8 A.w. 
next morning in the Journal. It is necessary that one of the Secretaries of 
each Section should call at the Printing Office and revise the proof each 
evening 

Minutes of the proceedings of every Commit too ore to bo entered daily m 
the Minute-Book, which should bo continued at the next meeting of the 
Committee 

Lists of the Reports and Memoirs road in the Sections are to be entered 
in the Minute-Book daily, which, with ad J/moiM and Copies or Abstracts 
of Memoirs fm niched laj Authors , aie to be forwarded , at the close of the Sec¬ 
tional Meetint/s, to tlio Assistant General Secretary 

The Vice- Presidents and Hocretancs of Se< Lons become cr officio temporary 
Members of the General Committee (vide p. xix), and will receive, on ap¬ 
plication to the Treusuur in the Reception Room, Tickets entitling thorn to 
attend its Meetings. 

The Committees will take into consideration any suggestions which may 
be offered by their Members for the advancement ot Nucmo They are 
specially requested to review the recommendations adopted ut preceding 
Meetings, as published in the volumes ot the Association and the communi¬ 
cations made to the Sections at this Meeting, for the purposes of selecting 
definite points of reseurih to whnh individual or combined exertion may be 
usefully direeLd, and branches of knowledge on the state and progress of 
which Reports uro wanted, to name individuals or Committees tor the exe¬ 
cution of such Repoits or researches , and to state whether, and to what de¬ 
gree, these objects may bo usefully advanced b} tho appiopnahon of the 
funds of tho Association, by application to Government, Philosophical Insti¬ 
tutions, or Local Authorities. 

In ease of appointment of Committees for special objects of Science, it is 
expedient that all Members of the Committee should be named, and one of 
them appointed to act as Secretary, for iviurmy attention to business. 

Committees have power to add to their number persona whoso assistance 
they may require. 

The recommendations adopted by the Committees of Sections are to be 
registered m tho Forma furnished to their Secretaries, and one Copy of each 
is to be forwarded, without delay, to the Assistant General Secretary for pre¬ 
sentation to tho Committee of Recommendations, Unless this be done , the 
llecommendations cannot receive the sanction of the Association . 

Recommendations which may originate in any one of the Sections 
must first be sanctioned by the Committee of that Section before they can be 
referred to tho Committee of Recommendations or confirmed by the General 
Committee 


Notices Regarding Grants of Money . 

Committees and individuals, to whom grants of money have been entrusted 
by the Association for tho prosecution of particular researches in Science, 
are required to present to each following Meeting of the Association a Report 
of the pmgress which has been made; and the Individual or the Member first 
named of a Committee to whom a money grant has been made must (pn - 
vbtaaly to the next meeting of the Association) forward to the General 
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Secretaries or Treasurer a statement of the sums which hare been expended, 
and the balance which remains disposable on ouch grant. 

Grants of money sanctioned at any one mooting of the Association expire 
a week before the opening of the ensuing Meeting, nor is the Treasurer 
authorized, after that date, to allow uny claims on account of such grants, 
unless they bo renewed in the original or a modified form by tho General 
Committee. 

No Committee shall raise money in the name or under the auspices of the 
British Association without special permission from the General Committee 
to do so; and no money so laiscd shall bo expended except m accoi dance 
with the rules of the Association 

In each Committee, tho Member first named is tho only person entitled to 
call on the Treasurer, Piofessor A W. Williamson, University College, London, 
W.C., for such portion ol tho sums granted as may fiom time to time be 
required. 

In grants of money to Committees, the Association does not contemplate 
the payment of peisomil expenses to the membeis 

In all eases where additional giants of money are made for the continua¬ 
tion of Rosoaiohos at the cost of the Association, tho sum named is deemed 
to indudo, as a part of the amount, \\hate\ei balance may remain unpaid on 
the former grant for tho same object 

All Instruments, Tapers, Drawings, and other property of the Association 
are to bo deposited at the Office of tho Association, 22 Albemarle Street, 
Piccadilly, London, W , when not employed in cailying on scientific inquiries 
for the Association. 


Business of the Sections . 

The Meeting Room of each Section is opened for conversation from 10 to 
11 daily. The Section 1Room* and approaches thei eto can be used for no notice*, 
exhibitions , or other purposes than those of the Association 

At 11 precisely the Chair will bo tuken, and the reading of communica¬ 
tions, in tho order pieuously mudo public, be commenced. At 3 fn. tho 
Sections will closo 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of tho communications de¬ 
livered m may render such diusions desirable. 

A Report presented to the Association, and road to the Section vvliich 
originally called for it, may be read in another Section, at the request of the 
Officers of that Section, with tho consent of tho Author. 


* Duties of the Doorkeepers . 

1. —To remain constantly at the Doors of the Rooms to which thoy are ap¬ 

pointed during the whole time for which they are engaged. 

2. —To require of every person desirous of entering the Rooms the exhibi¬ 

tion of a Member’s, Associate’s or Lady’s Ticket, or Reporter’s Ticket* 
signed by the Treasurer, or a Special Ticket signed by the Assistant 
General Secretary. 

3. —Persons unprovided with any of these Tickets can only be admitted to 

any particular Room by order of the Secretary in that Room. 

No person is exempt from these Rules, except those Officers of the Asso¬ 
ciation whepe names are printed. 
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Duties of the Messengers . 

To remain constant!) at the Rooms to which thoy arc appointed, during 
tho whole time for which thov are engiged except when employed on mes¬ 
sages by one of the Officers directing these Rooms 


Committee of Recommendations 

Tho General Committee shall appmit Rt each Meeting a Committee, which 
shall receive and <onsulor tho Recommend aliens of the Sectional Committees, 
and repor^ to the Genonl Committee tho measures which they would advise 
to bo ad >ptcd for the advancement of S lencc 

All Rt< ommendations of (trants of Money Requests for Special Researches 
and Reports on Scientific Sublet ts shall bo submitted to tho Committco ot 
R( commendations and not tal cn into consider ition by the General C mimitteo 
unless previously recommended by the Committoc of Recommendations 


Local Committees 

Local Committees sh ill bo f >rm d b> tlio Officers of tho Association to 
assist in making arrang ments for tho Meeting** 

Local Committees shall have the power of adding to thoir numbers those 
Members of tho Association whoso assistance they may desire 


Officers * 

A President two or more Vice Presidents ono or more Secretaries, and a 
Treasurer shall be annually appointed by tho General Committoo 


Council 

In the intervals of the Meetings, the affairs of tho Association shall be ma¬ 
naged by a Council appointed by tho General Committee Iho Council may 
also assemble for the despatch of business during the week of the Meeting 


Papers and Communications 

The 4uthor of any paper or communication shall bo at liberty to reserro* 
his nght of property therein 

Accounts 

The Accounts of the Association shall be audited annually, by Auditor* 
appointed by the General Committeo 
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XXX 


REPORT- 1876, 


Presidents and Secretaries of the Sections of the Association . 


Date and Place Presidents. I Secretarial 


MATHEMATICAL AND PHYSICAL SCIENCES. 

COMMITTEE OF SCIENCES, I-MATHEMATICS AND OKNFRAL PHT8ICS 

1832 Oxford Davies Gilbert, DCL, FRS Rev H Coddington 

1833 Cambridge Sir D Brewster, FRS Prof Forbes 

1834, Edinburgh Rev W Whew ell, FRS Prof Forbes, Prof Lloyd 

SECTION A -MATHEMATICS AND PHYSICS 

1836 Dublin Rev Dr Robinson Frof Sir W R Hamilton, Prof. 

I Wheatstone 

1836 Bristol Rev William Whewell, FRS Prof Forbes, W S Hams, F W 

Jerrard 

1837 Liverpool Sir D Brewster, FRS W S Hams, Rev Prof Powell, Prof. 

, Stevelly 

1888 Newcastle Sir J F W Herscliel, Bart,, Rev Prof Chevallier, Major Sabine, 
FRS Prof Stevelly 

1839 Birmingham Rev Prof Whewell, FRS ... J D Cbanoe, W Snow Hams Prof. 

Stevelly 

1840. Glasgow Prof Forbes, FRS Rev Dr Forbes, Prof Stevelly, Arch. 

Smith 

1841 Plymouth Roy Prof Lloyd FRS Prof Stevelly 

1842 Manchester Very Rev U Peacock, D D, Prof M'Oullooh, Prof. Stevelly, Rev. 

FRS W Sooresby 

1843. Cork . Prof M'Culloch, M RI A J Nott, Prof Stevelly 
1844 York .... The Earl of Rouse, FRS Rev Win Hey, Prof Stevelly 

1846 Cambridge The Very Rot. the Dean of Ely Rev H. Goodwin, Prof Stevelly, G. 

G Stokes 

1846, Southampton Sir John F W Herschel, Bart, John Drew, Dr. Stevelly, G, G. 

FRS Stokes 

1847. Oxford Rev Prof Powell, MA.J R.S Rer H Pnoe, Prof Stevelly, G. G. 

Stokes 

1848 Swansea Lord Wrottesley, F R S ... Dr Stevelly, G G. Stokes. 

1849. Birmingham William Hopkins, FJt S Prof Stevelly, G G Stokes, W. 

Ridout Wills 

1860 Edinburgh Prof J D Forbes, FRS, Sec. W J Maoquorn Rankine, Prof Smyth, 

R.S E Prof Stevelly, Prof G G Stokes 

1861 Ipswich.... Rev W Whewell, D D , F R S , 8 Jackson, W J Maoquorn Rankine, 

Ac Prof Stevelly* Prof G G Stokes. 

1862 Belfast . Prof W Thomson, M A , F R S Prof Dixon, W J. Maoquorn Ran- 

L. A E, kme, Prof Stevelly, J Tyndall 

1863 Hull, ...The Dean of Ely, F R S.B Blaydes Haworth, J D Solhtt, 

* ' Prof Stevelly, J. Welsh. 

1864. Liverpool Prof G G. Stokes, M A., Sec J Hartnup, H. G Puokle, Prof. 

^ R.S, Stevelly, J Tyndall, J Welsh. 

1865. Glasgow Rev Prof. Kalian d, M.A , F R S. Rer Dr Forbes, Prof. D Gray, Prof, 

LAE Tyndall, 

1866. Cheltenham Rev R. Walker, M A,, F.RJ3 C Brooke, Rev T. A South wood, 

- * Prof Stevelly, Rev J. C Turnbull. 

J857. Dublin.. . Bev.T. R. RoWn»on,D D J? R.S., Prof. Curtis, Prof Hevweasy, P, A. 
~ M.R.I.A* • Ninnls. W J. Maoquorn Rankine, 

. Prof Stevelly 

A68. Leeds ..... Rev. W. Whewell, D.D., V,P,R.S.Ret. 8. Eamshaw, J, F. Hrnneesy* 

Prof, Stevelly, H. J. S Smith, Prof. 
1 TyndalL 



PRESIDENTS AND SECRETARIES OP THE SECTIONS. 


XXXI 


Date and Place President# Secretaries. 

__ / 

1869 Aberdeen , The Earl of Rosae, M A., K P )J V Hennery, Prof Maxwell, H J 8. 

FRS Smith, Prof Stevelly 

1860 Oxford . Rev. B, Price, M.A , F R S .. Rev O. C Bell, Rer T Rennison, 

Prof Stevelly 

1861 Manchester G B Airy, M A, DCL, FRS Prof R B Clifton, Prof H J S 

Smith, Prof. Stevelly. 

1862 Cambridge Prof G G Stokes, M A , F R 8 Prof R B Clifton, Prof H J S 

Smith, Prof Stevelly 

1863 Newcastle Prof W J Maoquom Rankine, Rev N Ferrers, Prof.Bhiller.F Jenkin, 

C.E , FRS Prof Stevelly, Rev C T Whitley. 

1864, Bath Prof Cayley, MA, F K S, Prof Fuller, F Jenkin, Rev CL 

F R A S Buckle, Prof Stevelly 

1865 Birmingham W Spottibv*oode, M A., FRS.Rov T N Hutchinson, F Jenkin, G 

FRAH S Mathewa* Prof H J S Smith, 

J M Wilwon 

1866 Nottingham Prof Wheatstone, D.C.L , F.R S Fleemmg Jenkin, Prof. H. J S Smith, 

Rev S N Swann 

1867 Dundee , Prof Sir W Thomson, DCL, Rev G Buckle, Prof G C Foster, 

FRS Prof Fuller, Prof Swan. 

1868 Norwich Prof J Tyndall, LL D , F R S Prof G. C Foster, Rev R Harley, 

R B Hayward 

1860 Exeter . Prof. J J. Sylvester, LL D., Prof G C Foster, R B Hayward, 
FRS. W K Clifford 

1870 Liverpool J Clerk Maxwell, M A , LL D , Prof W G Adam*, W K Clifford, 

FRS Prof G 0 Foster, Rev. W Allen 

Whitworth 

1871 Edinburgh Prof P G Tait, FRSE Prof W G Adams, J T Bottomler, 

Prof W K Clifford, Prof. J D. 
Everett, Rev R Harley 

1872. Brighton . W De La Rue, D C L , F R.S . Prof W K Clifford, JWL Glauber, 

Prof A S Herschel.G F Rod well. 

1873. Bradford... Prof H J 8. Smith, FRS,, Prof W K Clifford, Prof ForbeA J 

W L. GUisher, Prof A S Hersohel 

1874 Belfast. . Rev Prof J H, Jellett, M.A,J W L Glauher, Prof Herschel, 

MRIA Randal Nixon, J Perry, G F Rod- 

well, 

1875 Bristol . Prof. Balfour Stewart, MA.ProfW F Barrett,JW L Glauber, 

LL D , F.R S C T Hudson, G F Rodwell 

1878. Glasgow Prof Sir W Thomson, M A , Prof W F Barrett, J T Bottomley, 
DCL., FRS Prof G Forbes,J W L Glauber. 

T. Muir 


CHEMICAX SCIENCE. 


COMMITTEE Of SCIENCES, U .— CHEMISTHT, MINERALOGY. 

1832. Oxford . John Dalton, D C L , F RJS James F W Johnston 

1833. Cambridge John Dalton, D.C L, F.R S. Prof Miller. 

1834. Edinburgh. Dr. Hope.Mr. Johnston, Dr Christuon 


BEOTTON B,—CHEMISTRY AND MINERALOGY, 

9 *- 

1885. Dublin .. , Dr T. Thomson, F.R.S. .. Dr. Amohn, Prof, Johnston 

1836. Bristol.. . Bov. Prof. Camming .Dr. Apjohn, Dr th Henry, W. Hera* 

Oath. 

1*87. Urwpool.. Mlobeel Pwedey, F&&, .Prof, tibattan, Prof. Miller, Dr. 

RernoWt 

llSS, SowouOe... Bet.WmUm TOew.ll, PAS.... Prot Miller, a t-P.ttin*», Thoswe 

Richardson. 



REPOST— 1878. 


xxiil 


Dote and Place. Presidents. Secretaries. 

1839, Birmingham I Prof T Graham, F.R S ... . Golding Bird, M D, Dr J. B Melson 

1840. Glasgow I Dr Thomas Thomson, F R S Dr R D Thomson, Dr T Clark, 

I Dr L Playfair 

184J Plymouth Dr Daubeny, F R 8 ... J Prideaux, Robert Hunt, W, M. 

1 weedy 

1842 Manchester. John Dalton, DCL, FES Dr L Playfair, R Hunt, J, Graham 

1843 Cork Prof Anjobn, MRi A |R Hunt, Dr. Sweeny 

1844 York Prof. T Graham, FRS Dr K Playfair, 15 Solly,T H Barker, 

1843 Cambridge Rev Prof Cumimng. . |R Hunt, J P. Joule, Frof. Miller, 

| E Solly 

1846. Southampton Michael Faraday, DC L , F R H tDr Millor, R Hunt, W Randall 
1S47 Oxford Rev W V Haroourt, M A,FR& ] B C Brodie, R Hunt, Prof Solly 

1848 Swansea Richard PhillinH, F It S T H Henry, R Hunt, T. Williams. 

1849 Birmingham John Percy, M D , F R S R Hunt, G- Shaw 

1860 Edinburgh Dr Chnstison, VPRHE , Dr Anderson, R. Hunt, Dr Wilson 

1861 Ipswich Prof Thomas Graham, F R 8 T J Pearsall, W S Ward 

1862 Belfast Thomas Andrews, M 1) , F R S Dr Gladstone, Prof Hodges, Prof, 

Ronalds 

1853 Hull Prof J F W Johnston, M A , H 8 Blundell, Prof R Hunt, T J. 

F.R 8 Pearsall 

1864. Liverpool Prof W A Miller, M D, FR 8 Dr Edwards,Dr Gladstone,Dr.Pnoe. 
1866 Glasgow Dr. Lyon Playfair, CB , FRS Prof Frankland, Dr II K Rocooe. 

1866 Cheltenham Prof B C. Brodie, FKS. J Horsley, P J Worsley, Prof. 

Voelcker 

1867 Dublin Prof Apjohn, MB, F R S, Dr Davy, Dr. Gladstone, Prof Sul- 

M R.I A hvan 

1868 Leeds Sir J F W. Herachel, Bart Dr Gladstone, W Odhng, R Rey- 

BCL nolds 

1869 Aberdeen Dr Lyon Playfair, C B , F R S J 8 llraeier, Dr Gladstone, G D 

Livemg, Dr Odhng 

1860. Oxford Prof B C Brodie, FRS A Vernon Haroourt, G D Livemg, 

A. B Northoote 

1861. Manchester Prof W A Miller, MD, FRS 4 Vernon Haroourt G D Livemg 

1862. Cambridge Prof W A Miller, M D , F R 8 H W Elphinstone, W Odhng, Prof, 

Rosooe 

1863. Newcastle Dr Alox W Williamson, FR.S Prof Livomg, H L. Pattuuson, J. 0 

Stevenson. 

1864 Bath W Odhng, M B, F R.S , F 0 S AV Haroourt, Prof Livemg, R. Biggs 

1866. Birmingham Prof W A Miller, M D ,V P RB A. V Harcourt, H Adkins, Prof. 

Wanklyn, A. Winkler Wills. 

1866. Nottingham H Benoe Jones, M D , F.R S J. H. Atherton, Prof Iavemg, W. J. 

Russell, J White. 

1867. Dundee Prof T Anderson,M D , F R 8 E A. Crum Brown, Prof G D Livemg, 

W J Russell 

1868 Norwioh Prof K. Frankland, F R S ,K.C 8 Dr. A. Crum Brown, Dr. W J Rus¬ 

selJ, F Sutton 

1869. Exeter Dr H, Debus, F R.S , F C S . Prof A Crum Brown, M D , Dr W. 

r J. Russell, Dr Atkinson. 

IStO Liverpool Prof H E Rosooe, B A , F.R.S., Prof A Crura Brown, M D,, A. E. 

F 0.S Fletcher, Dr W J. RusselL 

1871. Edinburgh Prof. T. Andrews, M D., F.R.S J T Buchanan, W. N* Hartisy, T.J5. 

Thorpe 

1873. Brighton ... Dr. J. H Gladstone, F.RB Dr Mills, W. Chandler Roberta, Dr. 

r W. J Russell, Dr. T Wood, 

1673. Bradford *, Prof. W. J. RUtscll, F R.S . Dr. Armstrong, Dr. W. Chjuod- 
, " ler Roberts, Dr. Thorpe. 

1874. Belfast... Prot A. Crum-Brown, 4CD., Dr T. Craastoun Charles, W. Chafed* 

. * F.RJJJ1, F.G.S. ler Roberts, Prot Thorpe. 

W& Bristol ..., A. G. Vernon Haroourt, lLA.,Dr. H, E. Armstrong, W„ Chandler 
FJkR,F.0.8 Roberts, W* A. Tilde*. 

im Obsgow '..M. H. FerkU, F.B& ..Wi m&* t W CbttBer Bo**** 

J, 1A Thomson* W. A. Tdde% 




PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


xrxiii 


Date and Place President* Secretaries 


GEOLOGICAL (and, until 1851, GEOGRAPHICAL) SCIENCE 

COMMITTEE OF SOrFNCES, III —GEOTOGY AND GEOGRAPUV 

1882 Oxford R I Murchison PRS John Taylor 

1833 Cambridge O 13 Greenough FR8 W Lonsdale John 1 lull 

1834 Edinburgh Prof Jameaon Prof PI ill j>b T Jameson Torne, 

Rev J late* 


SECTION C —OJOLOOY AND QFOGR\PIIY 

183» Dubli R T Grifhth Captain Portlook T I loine 

18-10 Bristol Rev Dr Bioklml 4 R S (reo William ha i lor* S Stut hb iry T J 

graj hf R [Mu ehis i IKS Tor 1 

1837 Lv rpool Revlroi 8 dgwi k t R ^ —<ic Laptai i Po tloek R Hunter - Geo 

graphy O BGioenmgh PRS gr y I apt uil II M Donliam R N 

1838 Newcastle C Lyell FRs VPGS Gr W C Trevelyan lapt Portlook — 

gr ihj Lord P ulliopc Gcogr ;// C int Washington 

1830 Birmi 4, ham Rev l)r B klnnd b R S —Geo George T loyd MI) If E Strickland 
g phj G B Greenough T R S Char^ flu win 

1840 Glasgow Chari a Lyell b R 8 —Gc gr W J Hamilton D Milne Hugh 

phf G B Greeno igh I Hb Mirra} 11 F Strickland John 

Scoulivr M D 

1841 Plymouth II T Do li Be ho PRS W T Hannllot Edw ird Mod e M D 

R Hutton 

1842 Ma ldiestei RIM rclusoi PRS E W Bmney R II itton Di R 

Lloyd HE Strickland 

1843 Cork Richarl L Gr fllth IRS branus M Jennings H E Strict 

M RI V land 

1844 York Henry Wai burton MP Pres Piof Ansted L H Bunbury 

Ge°l 8 e | 

184 1 } Cambridge Rev Prof Sedgwick MAP RJS Rev J C C tinnnng A C Rnmsay 

Rev W Thorp 

184t> S >Uthampton Leonard Horner F R S - Gcogra Robert A Austen J II Norton MD, 
ph/ G B Greenough FRS Prof Oldham —Geography Dr C 

T Beko 

1847 Oxford Very Rev Dr Buokland F R 8 Prof Anstod Prof Oldham A 0 

I RamBai T Ruskin 

1818 Swansea Sir H T De la Boche IB Starling LenBon Prof Oldham Prof 
| r R S I Ramaay 

1840 Birmingham Sir diaries Lyoll FRS FG8 IJ Beefco Jukes Prof Oldham Prof 

I A 0 Ramsay 

18o0 Edinburgh * Sir Roderick I Murehis >n FR S A Keith John*1 on Hugh Miller Prof 

| Niool 


section c {continued) — geotogy 

18ol Ipswich William Hopkins MA FRS C J F Bunbury, G W Ormilrod 

[ Searlea Wood 

1852 Belfast Lieut Col Portlock R E , F R S James Bryoe James MacAdam Prof 

M Coy Prof Niool 

1853 Hull Prof Sodgwick FRS Prof Harkness William Lawton 

1854 Liverpool Prof Edward Forbes FRS John Cunningham Prof Harkness 

G W Ormorod, J W. Woodall 

* At a Meeting of the General Committee held in 1850, it wm resolved 1 That the 
aubjeot of Geography be separated from Geology an 1 combined with Ethnology to conati 
tute a separate Sedition uiulei tho title of tlie Geographical and Ethnologi al Section 
lor Presidents and Secretaries of which tee page xxxvu 

1878. 


o 




XX XIV 


nypoRT—1876. 


Date and Place President* Socretnnoa 


1855 Glasgow Sir R T Murchison FRS James Bryee Prof Hark ness Prof 

| Nicol 

18o0 Cheltenham Prof A C Ramsay PBS Rev P B Brodic Rev B Henwortl 

Edward Hull J Soougall I Wright 
18 r >7 Dublin 1 he Lord Talbot do Mai ah id e I Prof llaikness Gilbert Sander* Ro 

bert H Scott 

1858 Leeds William Hopkins MA LCD Piof Nieol If C Sorly F \\ 

FRS Slmw 

1859 Aberdeen Sir Charles I yell II D DCL Prof HaiknrH« Rev I Longmuu H 

I TBS C Sorb\ 

1800 Oxford Rtv Prof Sedgw tk HI) l f linkman 1 dw trd Hull Cnj t 

| TBS FOb 1 Woodall 

1K61 Manchester Sn R T Murcl won DC T Piof Hnrkrew* Llwnidllull 1 Ru 
ILD TBS h | pert Jones G V\ Ormorod 

1802 Cambridge J lkx to Jukes MA TRS Lucas Bam it Prof J Rupert Jones, 

I II C Soiby 

180J Newcastle Prof W anngton W Smyth E F Boyd John Dadisb, II C Sor 
1 RS b GS by lhnuua Sop with 

1864 Bath Prof J Phillips LLD IKS W B Dawkins J Jclinston II C 

r G S Sorby \V Pengelly 

1805 Birmingham Sir R I Murchison Bart IC C B Rev P B Brodie J Joms Bov F 

Myt rs H C S rb) W Pingelly 

18G6 Nottingham Prof 1C Ramsay TLD 1 R8 R 1 theridge W Pcnylly 1 Wil¬ 
son G H Wright 

1807 Dundee Vrchibald Geitic IRS 1 Q S Llwurd II 11 W Iengolly Homy 

| Woodward 

1808 Is rwith R A C Godwin Vuskn FRS R< v O Fisl r R+w J Ginn W 

PGS Puigclly Rev II II Wmwood 

1869 Fxoter Prof R HarLnoss FRS 1 GS W Pen golly W Boyd Dawkins Rov 

n H Wmwood 

1870 Lnerpool Sir IhilipdoM Groy Egerton W Pengelly Rov H H Wmwood, 

Bart M P b R S W Boyd Dawkins G If Morton 

1871 Edinburgh 'Prof A Goikie FRS FGS R Etheridge J Gukio J McKtnny 

I Hughes L C Mmll 

1872 Brighton RAC Godwin Austen b R S T C Mmll George Scott William 

I | lopley Henry Woodward 

1873 Bradford Prof J Phillips DCL FRS L C Muill R H Xiddcmftn W 

1 GS Toploy 

1874 Belfast Prof null MA,PK8,FGS b Drew L C Mmll R G Syraw, 

R IT liddemon 

1875 Bristol Dr Thomas Wright rB.SK L ( Mull E B JUwnoy W Topley, 

FGS 

1876 Glasgow Prof John Young M D J Armstrong F W Rudler W 

Tuple) 


f BIOLOGICAL feCILNCES. 

• COMMITTEE OP SCIXNCK8, XV — 40QLOUY, BOTANY, PIUSIOLOGY, ANATOMY 

1832 Oxford Rev P B Duncan, FGS Rev Prof J S Henslow 

1833 Cambridge* Rev W L P Gamon^FLS C C Babington D Don 

1834 Edinburgh Prof Graham . W Yarrell, Prof Burnett 

* At thm Meeting Physiology and Anatomy were made a separate Committee, for 
Presidents and Scci ctanei of which see p xxxvi 




PRESIDENTS AND SECRETARIES OP THE SECTIONS 


XXXV 


Date and Place Presidents l Secretaries 


SECTD V 1> —7DOLOOT AM) 710TANT 

183o Dublin Dr Allman J Curtis Pi Litton 

18*10 Bristol Rot Prof Henalow J Curtis Prof Don Dr Ihhy S 

Rootwoy 

1837 Iivtrpool W fe MacLoay C C Babington Rev L Jen)ns W 

Swainson 

1808 Newcastle Sir W Jardine Bart T K Gray Prof Jones R Owen Dr 

R thanWi 

1830 Bnmingham Prof Owen FRS F Forbes W Iik R Patterson 

1840 Glasgow Sir W J Hooker LL D Prof W Conpcr L Forbes R. Pat 

tern n 

1641 Plymouth John Richardwn Ml) FRS J Couch Dr Taiikeslcr R Patterson 

1812 MamJiertcr Hon aidVtryJiev AY llerUrt Dr T ankestcr R 1 it ter son 1 A 

IL1) fl S I lumei 

1843 Cork William IliomiHon FT S G J Allman Dr Lankceter R Pat- 

| teisoi 

1844 York Very Rev Tho Dean of Mai el on Prof Alin ai H Goods r Dr Ring 

ter Dr Lank ater 

184o Cambridge Rev Prof Henslow F L S Dr T ankester I \ W ol last on 

1846 Southampton Sir J Richardson M D 4 R S Dr La ikcMei 1 V Woll xt i II 

I W t ldridgo 

1847 Oxford II I Stiukland M K IRS Dr LanWer Dr M lulle T V 

I V\ ollnston 


section d ( continued) —/oology \\i> botany, ivutiDiNo iiiysiotooy 

[For the Presidents and Secretaries of tie Anatomical and Physiol g cal Subsection^ 
and tho temporary Section IS of AnaUmy an 1 Medic no see p xxxvii ] 

1848 Swansea L W Dillwyn IRS Dr R Wilbraham 1 alconer A Hen 

frey Dr LankeMer 

181V) Birmingham William Six nen FRS Dr Lankentor Dr Russell 

1850 Ednburgh Prof Goocbnr FRS L Ah Iprof J H Bennett MD Dr Lan 

' koster Di Do glaa Moclngan 

18*1 Ipewidi Rev Prof nenslow M A FRS Prof Allman 4 W Johnston Dr E 

Lankcator 

18oA Belfaat W Ogdby Dr Diokie George C Hyndman Dr 

4 dwm Lankcster 

1863 Hull C C Bnbmgton MA FRS Robert Harrison Dr E LankeaUr 

18*>4 Liverpool Prof Balfour MB FRS Isaac Byorley Dr L Lankexter 

1855 Glasgow Roy Dr Fleeming V R S E .Will am Redd it Dr Lank ester 

1860 Cheltenham Thomas Bell FRB PresLS Dr J Abercrombie Pr f Buckman 

j Dr Lunkostcr 

1857 Dublin Prof W H ITarvoy MD FKS (Prof J R Kitnhan Dr L Lankester, 

t Robert Patterson Dr W B Steele 

1858 Leeds 0 C Babmgton M A P R S (Henry Denny Dr JToaton Dr E , 

Lonkeeter J>r E Perceval Wright 
1869 Aberdeen Su W Jird no Bart. FBS L Prof Dickio MD Dr L Lankester 

Dr Ogilvy . 

1860 Oxford Rev Prof Ilcnslow F L S W S Church Dr E Lai kesh r P 

I Sclnter Dr L Perceval Wright 

1861 Manchester Prof C C Babington FRS Dr T Alrock Dr E Lankester, Dr 

| P L Sclater Dr E P Wnght 

1862 Cambridge Prof Huxley FRS Alfked Newton Dr E P Wnght 

1803 Newcastle Prof Balfour! M1),FRS Dr F Charlton A Newton Kcv H 

B. Tratram Dr E P Wnght* 

1864. Bath Dr John E Gray FRS H B Brady, 0 E. Broom, H T 

Stainton Dr R P Wnght 

1865 BirmlnghamiT Thomson. M D , F R S Dr J Anthony; Rev C Clarke, Rev 
\ H B Tnstiim, Dr E P Wnght 

e 2 
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REPORT— 1876 


Date and Place 


Presidents 


Secretaries 


1806 Nottingham 

1867 Dundee 

1868 Norwich 

1869 Exeter 

1870 Liverpool 

1871. Edinburgh 

1872 Brighton 

1873 Bradford 

1874 Belfast 

l87 r > Bristol 

1876 Glasgow 


Bik Ml) b R S 
Rev M ) Berkeley 
])pl <f Ik/* l a 
Flower ? RS 


section d (continue l) —biology * 

(Prof Huxley LLD TRS — Dr T Beddard W Folkm Rev H 
1 hysioloqical Deg 1 rot linn B Ingram W Turner E B 
phry M D FRS Anthrop , T^lor Di V P \Vr glit 
logical Drp Alfred R Wallace 1 
R G S 

Prof SLwrpey M D See R S — C Spence Bate Di S Cobbold Dr 
Dep of Yo l a l Dot George M boater IF T St t nton Roy H 
I B 1 r Htrar i Prof \V Tumor 
FT S —Dr T S Cobbold G W Firth Dr 
W 11 M Poster Prof T awson H X 
Stain ton Rev Dr H B Tristram 
Dr T 1 Wright 
George Bisk MIS 1 LS — Dr T S Cobboll Pr f M F stei 
Dtp of Hot x d? It Spence MD E Ray Lai Venter Professor 
Bate FRS —Dp f it!no Lawson II X Stanton Rot H B 
E B Tylor Tristram 

Trof G R Heston MA MD Dr T b Cobboll Sebastian Evans 
FKS i LS D(p Amt nd Prof T iw«on Thos I Moore II 
1 hysi l Prof M Foster M D 1 Sta ten Rev H B Tristram 
b T S —Dtp of btho J . C btamlund Wak 1 Rny Ian 
brans FRS I k stir 

Prof Allen Thoi son M D FRS Dr 1 R l raser Dr \rth ir Gamgo 
—Dtp of l t a id Yo l P of F R y La ikestor Pr f T awson 
Wyvillo Thomson bRS —| II 1 btuntm C SlanilandWake 
Dep f 4 t) op l lr f W Di A\ R illnrford Dr Ktlburno 
T irner M D King 

Sir John I ibbock Bait IRS Prol lhiselton Dyer II T Stamton 
— Dep f Anat ail 1 h/vot Prof Lawson £ W Rudlei T IT 
Dr Bur Ion San let-son IRS Tai iprey Dr Ga i gee C Ray I an 
-Dtp f A thr i ol Col \ ktstor Dr Pyc b ith 
Lan Fox b G S 

Pr f Alim in IRS Dej of Prof lh sol ton Dyer Pi of T awson 
A at aid 1 fy* l Prol Ru R M Iachkn Dr Pyo Sm ith T 
thrrf rd M D — Drp of A i Ray Lankeetor F W Ri dler« J 
throj ol Dr Be Idoe IRS II Lamprey 
Prof Rolfer MD— Dep f W 1 llmolU n Dyer R O Cunning 
Yool a d Hot Dr Hooker, hail Dr J I Charles Dr P II 


( B I res R S — Dep f A 
thr pot S i W R Wilde M D 
PLSoliluJ RS Dep fAnat 
an it hyn l Pi if ( lei ind M D 
FRS— Dei of i throjol Prof 
Rollcston MU IRS 


Pyo Smith J J M rpliy T W 
Rudler 

b R Alston Dr McKendrick Prof 
W R M Nob Dr Martyn F W 
Rudl i Dr I* II Pyo Smith Dr 
W Sponoor 


A Russel Villa c F R 0 S 'H R Alston Hyde Clarke Dr Knox 


F L S Dep of Yool and Hot 
Vr t A Newton MA FRS 
Dep < f Anat and 1 hymol 
Dr J G McKendrick F K S E 


Prof W R M Nab Dr Muirhend 
Prof MorriBon Watson 


ANAIOmCAL AND PHYSIOI0G1CAL SCIENCES 

COMJCITTKK OF (KTCPNCFS V —ANATOMY AND PHY810L0&Y 

1833 Cambridge |Dr Haviland IDr Bond Mr Paget 

1834 Edinburgh |Dr Aberororabio (Dr Roget Dr Wmiam Thomson 

* At » Meeting of the General Committee in ISA'S it was resol red — That the 
title of Section D be changed to Biology and That for the word Subnotion m the 
rules for conducting the buttnew of the Sections, the word Department be substituted 



PKFS1DFNTS AND SECRETARIES OR THE SECTIONS. 


XXXYI1 


Date and Plaoe PiMidonU Secretaries 


BFCTION F (\ NTH 1S47 )—ANATOMY AND MfcDHlNt 

1BV) Dublin )Dr Pritchard I Dr Ham* n Dr Hart 

183(1 Bristol Dr Roget b R 9 'Dr Symonds 

1837 Livorpx>l ProT W Chrk MD Dr J Carson jun James Long Dr 

| J B W lose 

1838 Neweastlo T T Iloadl n MD 1 M Oreenhow Dr J B W VYse 

1819 Birmingham Tohn \elloly MD IBS Dr G O Rees F Ryl nd 

1840 Glasgow Tames Watson MD Dr J Biown Pr f Co ipor Prof Reid 

1811 Plyraoilh P M Rogel MD RS Di J Butter J F igo Dr R S 
■ Sargent 

1842 Manchester 'Edward Holme MD FLS Dr Chujtor Dr R S Saigoit 

1843 Cork 8ir James Pitcairn M D Dr John 1 pham Dr R § Sargont 

1844 York J C Pritchurd MD I Lri 1 sen Dr R S Sargent 


8LG1ION J 111YSTCT03Y 

184> Cambridge Prof T HavjJand M 1) Dr R S Sargent Di Mobster 

1840 Southampton Pi of Owm MD IRS Cl Keel , Dr Lay ck Dr Saigent 

1847 Oxford* Prof Ogle MD FKS Dr lhomaa K Chambers W P 

Ormerod 


Pm'rtJOCOGIGAr bUhSFClIONS OF SFCriON D 
1830 Fdmburgh Pi of Bennett MD FRSF 

185o Glasgow Prol All* n Thomson IRS 1 r f T H Corlxtt Dr J Rtrutliers 

1857 Dubhn Prof R Hamson Ml) Di R D Lyons Pr f Redfern 

1858 Leeds Sir Bor |an inBi 1 c Bait 1 R S C G \\ i toll oubo 

1859 Aberdeen Prof 81 irpry MD See K S 1 rot Ben itt Prof Redfern 

1860 Oxford Pr f G R licet n MD 1 t S Dr R M Donnell Dr Edward Smith 

1801 Manchester Dr John 1) ivy F R S L C T Dr M Roberts Dr Edward Smith 

1852 Cambridge C E Paget MD G F Holm Dr Ldward Sm th 

1863 Newcastle Prof RoUeefcon M D FRS Dr D Finbkton Dr W liuner 

1884 Bath Dr Edward Smith LI D FRS J S Birtr m Dr W Turner 

1865 Bmmnghmf Prof Aeland MD LLD FRS Di A Honing Dr P Heulop Ohrer 

Pimblcton Dr W Turner 


G10G11APH1GAI \ND FTHNOLOGICAT foCILNCEb 
[For Presidents and Secretaries f< r Gcogi«i hy prtv ous to 1851 see Section C p xxiin ] 
>nixoLocriGM fltjmirciovs oi action t> 

1846 Southampton,Dr Pritchard Dr King 

1847 Oiford Prof H IT Wilson MA Prof Buckhy 

1848 Swansea O Grant Iranc ■ 

1849 Birmingham J)r R G Latham 

1850 Edinburgh |Vice Admiral Sir A Malcolm Darnel Wilson 

8KC1I0N h —GKOGKAI’UY AND FTUIsOTOGY 

1851 Ipswich ,SirR I Muiclnsoo, F R S Pre*> R Cull, Her J W Donaldson, Dr 

BGS Norton Shaw 

18o2 Belfast Col Cheeney R A DOT R Cull R MaoAdam, Dr Norton 
( FRS Sliaw 

* By direction of the General Coixnmttco at Oxford Sections D and > were incorporated 
nder the name of Section D—Zoology and Botany including Physiology" (see p xxxr) 
llrt Section being then vacant was assigned in 18ol to Geography 
t Vtds note on paga xxxri 




xxvui 


xepobt—1876. 


Date and Place. 

1853 Hull 
1851 Liverpool. 
1855 Glasgow 
]850 Cheltenham 
1857. Dublin 
1858 Leeds 
1850 Aberdeen .. 
18(4) Oxford 
1801 Manchester 
J802 Cambridge 
1803. Newcastle 
180*1 Bath 
1805 Birmingham 
I860 Nottingham 

1807 Dundee 

1808, Norwich 

1809. Rioter 
1870. Liverpool 
187J. Edinburgh 

1872 Brighton 

1873 Bradford .. 

1874 Belfast 

1875 Bristol.. 

1870 Glasgow 


1833 Cambridge 
1831 Edinburgh 


Presidents 


Secretaries 


R G Latham, MD.FRS R Cull, Bov II \V Kemp, Dr Nor¬ 
ton Shaw 

Sir B 1 Muralnson, D CL, Richard Cull, Bev H lliggms, Dr. 

FKH I 1 hue, Dr Norton Shaw 

Sir .T Richardson, MB.FFS Dr W G Blackie, B CuU, Dr Nor- 


ton Shaw 


I Col Sir 11 C Rnwlmson.K CB R Cull, F D Hartland, W II.Ttum- 
I j not, Dr Norton Shaw 

Rev Dr J lIontliawnTodd, Frc^ R Cull, 8 Ferguson, Dr. R, B Mad- 
I 1UA 1 den, Dr Norton Shaw 

Sir It T Murchison, G C St S , R CulhFiancisGalton P O’Callaghan, 
I FRS Dr Norton Slmw, Thomas Wright, 

Rear- Sir James Clerk Richard Cull, Professor G widen, Dr. 

I Roah, T) C L . F R S Norton Shaw 

hu R T Muuhnson, D CL, Cant Burrows, Dr J Hunt, Dr C 
FltS Lenipriere, Dr Norton Shaw 

John Crawfurd, F B S Dr J hunt, J Kingsley, Dr Norton 

i Shaw, W Spot! law oodo 

Francis Galton, F K 8 J W Clarke, Bcv J. Glover, Dr. 

I Hunt, Dr Norton Slmw, T Wright, 

'Sir B I Murchison, KCB.C Carter Blake, Hume Greenfield, 

I FRH C R Markham, B 8 Watson 

Sir R I Murchison, KCll.H W Bates, C B Markham, Cnpt 
IKS R. M Murchihon, T Wright 

Major-General Sir II Rawlmson, II W Bates, 8 Evans, O Jabet, C 
) M V , K C B , ¥ R 8 R Markham, Thomas Wright. 

Sir Clmilcs Nicholson, Burt ,11 W Bates, Rev E T Cuems, K 
LL D H Major, Clements B Markham, 

' D W Nash, T Wright 

Sir Summl Buko, F R G 8 , II W Bates, Cyril Graham, C K 

I Markham, S J Mackie,R Sturrock. 

Capt G H Richards,R.N.,FRS T Barnes, H W Bates, C R* Mark¬ 
ham, T Wnght 


8i,cnoN u (continual) — ojsouRAPinr 


Sir Bartle Frere, K C B , LL D , 
F K G vS 

Sir R f Murchison, Bt, K 0 B , 

' LL D , D C L , F U 8 , F G b 
'Colonel Yulo, C.B , F.R G 8 

Francis Galton, FRS 

i 

Sir Ruthorford Aloock, K C B 

Major Wilson, RE, FRS, 
• VRGB 

Lieut -General Stracliey, R E., 
C8T,FR8,F.RGS,FLS, 
1 FOB 


H W Bates. Clcmonts R Markham, 
J IL Thomas. 

H W Bates, David Buxton, Albert 
J Mott, Clements R Markham 
Clements R Markham, A Buchan, 
.T II Thomas, A Keith Johnston 
II W Bates, A Koith Johnston, Rev. 

J Newton, J II Thomas 
II W Bales, A. Keith Johnston, Cle¬ 
ments R. Markham. 

E O Raven stein, K C. Rye, J. H 
Thomas 

II W Bates, E C Rye, F F Tuekett 


Onpt Evans, C.B.FRS 


II yV Bates, E C Rye, R. Ohphant 
Wood, 


STATISTICAL SCIENCE. 

COMMITTEE OP SCIENCES, VI.—STATISTICS. 

(Prof. Babbage, F.R.& (J K. Drmkwater 

'Sir Charles Lemon, Bart.|Dr. Clelaad, C Hope Maclean. 




PRESIDENT* AND SECRETARIES OF THE SECTIONS 


XXXIX 


Date and Place President# Socrotario# 


HLCT10N F —STATISTICS 

18^ Dublm Clmrhs Rabbago FRS W Grog 1W Icngflcld 

18J6 Drwtol S r CliurUa L mon Part FRSRov J F Brombj t B IYipp 

Jam eg Hoyw od 

1837 Liverpool Rt Jlo Lor l Sind n W R Greg W Langk n Dr W C 

Tayltr 

1838 Newcastle Colonel Sjkos 1 R8 W Ct rgill J Hoywood W R Wood 

1839 Birmingham Tie iry Lillian V It S I ( Inrko R W Rawson Dr W C 

Jsyler 

1840 Glasgow Rt II n l rd San Ion M P C R Baird Prof Ramsay R W 

FR8 Raws n 

1841 Plymoith r icut Col Syken IRS Jhn Dr Byith Rev R Limey R 

W Rawson 

1842 Manchester G W Wood MP ITS Rev R Lunev G W Ormerod Dr 

W t Tayler 

1843 Cork Sir C T rvnon B rt Ml Dr I) B dlon Dr W Cooke layler 

1844 York 1 o it (. 1 Sykes 4 R S 1 T b J 1 lot h i J Ttcyw od Dr Laj cock 

184o Cambrid n o Kt Hon The Burl Fit/williun J lletcl er W (ookelayier LL D 
I8R5 Southan itnGRlrtrPRS Tl Intel er V G P No s u Dr W 

| C Tayl r R*v P I SI apeott 

1847 Oxfoid jTrivcrs Iwjuh DC L I HS Rev W H Cox J J Dans n 1 G 

I V Neison 

1848 Swansea J U \ man MP 4 RS J Fielder Ci)t R SI ortrede 

1849 Birmmgl ui i Rt Uon Lord Lyttelton Dr Finch Prol Hu >ck F G P 

| burton 

18i0 Tdinburgh A ly Ro\ Dr John Lee Pn f Hancock J Fletcher Dr J 
VPKSk Slark 

18)1 Tpsw h Sir Join 1 Bodea Bart J Fktcler Piof Hancock 

18o2 Bcliist Hie Grace the Arcll sh p 1 Prof Hancock Prof Ingram Janie* 
Dubl n Mac Adam Jim 

1851 Hull iJan l 8 H*y wood MP FRS T lwar ICheshire William Newn arch 

1854 Liverpool til oi m looko FRS £ Cheshire T P Hanson Pr W H 

| Duncan W Niwmarch 

lSo*) Glasgow R Monckton Million MP J A Cinipbdl L Cheshire W Ntw 
| march Prof R II Walsh 


srcnoN v ( > tt uu<t) -khjnomic 8u*\cl vnd aivrisncft 

18j 8 Cheltenham Rt Hon Lord Stanley MP Rov C II Bromby E) Cheshire DrW 
I N Hancock W K Newinaroh W M 

Partt 

18o7 Dublm His Grace the Aivhbiah p cflVof Carat Dr IT D Hutton W 
Dul Un M R I A | Newmarch 

1858 Leeds Llivard Bamee T B Runes Prof Curas S Brown 

I Gapt Fjahbourae Dr J Strang 

18o9 Aberdeen ( ol Sjkes M P FRS Prof (.aims I diuund Macrory AM 

| Smith Dr John Strang 

18C0 Oifoi l Vaasa iW Senior MA Edmund Matrvry W Newmarch 

Rev Prof J K T Rogers 

1801 Manchester William New march FRS Baud ( hndwick Prof R C Christie 

R Macrory Ror Prof J K f 
Rogers 

1862 Cambridge Edwin Chadwiok C B HD Macleod, Edmund Macrory 

1868 Newoaitle WiUiam Tite MP FRS T DouMeday Edmund Macrory 

Frtdenok Purdy Jamea PofcU 

1864 Bath William Farr MD DCL. & Macrory, E T Payne, F Purdy 

| FRS 

1866 Birmingham BC Hon Lord Stanley, LL D G J D Goodman G J Johnaton, 
IMP B Macrory 


xl 


REPORT— 1870, 


Date and Place 


President? 


Secretaries 


1866 Nottingham Prof JET Rogers R Birkin Jun Prof Itfono Levi E 

Macrory 

1867 Dundee M E Grant D ifT M P Prof Leone Low F Macrory A J 

\V arden 

1868 Norwich feamuol Biown Pros Ins! t Vc Rei W C Davie Trof Loono Lcyi 

tuanes 1 

1809 Exeter Rt Hon Sn Staflord H Isorth Edmund Macrory Frederick lurdy 
(.oto Hart t B MV (.harlos I D Arlan 1 

1870 Liverpool iProf W Stanley Jo\ons MV Lias 11 Dilhy Bixtcr 1 M r rj 

| T M 1 s Mohs 

1871 Edinburgh Rt TTon Lord Neavo^ J G Pitch lam s Me kit 

1872 Brighton 1 rof llenrv 1 iwwtt Ml JO bitch Bartl y 1 hillips 

1873 Bradford Rt II n W LI rsl r M P J U 1 tell Swire Sn tli 

1874 Belfast L rd O ling n trot Dinned brink P bellows 

Hans Ma Mord t 

1875 Bristol lanes Hejwsxl MA HIS t P billows f l (I P Holktt b 

Pros S S M icr ry 

1878 Glasgow Sir George C inpbell KC SI lA MNeel Oaird PGP Hallott 
|MP Dr W Neilson Hancock Dr W 

! I Jack 


MECHANIC AI BCIENC V 


8LCII0V 0 —MECHANIC\I HCU NCE 


1836 Bristol 

1837 Liverpool 

1838 Newcastle 
18J9 Birmingham 

1840 Glasgow 

1841 Plymouth 

1842 Manchester 

1843 Cork 
184-1 York 

1845 Cambridge 

1846 Southampton, 

1847 Oxford 

1848 Swansea 

1849 Birmingham 

1850 Edinburgh 

1851 Ipswich 
1852. Belfast 

1853 Hull 

1864 Liverpool 

1855 Glasgow 

1856 Cheltenham 

1857 Dublin 

1858 Leeds 

1859 Aberdeen 

1860 Oxford 


Davies Gilbert DCT FRS 
Rev Dr Robinson 
Charles Babbage IRS 
Prof Willis TRS and Bobertl 
Stephenson 
Sir Jolm Robinson 

John Tajloi FRS 
Rev Prof Willis FRS 

Prof J Maoucill M RI A 
I John Tayl r b R S 
George Sninit IRS 
Rev Prof Willis MA FRS 
Rev Prof Walker MA b R 8 
|Rev Trof Walker MA b R 8 
Robert Stephenson M P 1 R8 
Rev Dr Robinson 
William Cubitt FRS 
|john Walker C E LLD FRS 


William bflirbaim GE IRS 

Jolm Scott Russell IRS 

W J Macquorn Ronkine, CE 
FRS 

George Bennie FRS 

The Right Hon The Earl ol 
Rosso FRS 

William Fairbtim FRS 
Rev Prof Willis, MA FH.S 

Prof W J Mscquorn Rankine, 
LLD^FRS 


T G Bunt G T Clark W West 
CharUs Vignolas Thomas WobwUr 
R Hawthorn C V gnoUs T Webster 
[W Caipmael W illium Hawkes Tho 
mas Webster 
T Scott RuhhcII J Thomson J Tod 
C Vignoles 
Henry Chatfleld Thomas Webster 
|J T Bateman J Stott Russell J 
Thomson Charles \ignolos 
James Thomson Robert Mallet 
Charles Vignoles Thomas Webster 
Rev W T Kingsley 
Wllliam Betts jun Cl ailes Manby 
J Glynn R A Le Mesurier 
R A Lo Mesuner W P Struv6 
Charles Manby W P Marshall 
Dr Lees David Stephenson 
'John Head Charles Manby 
‘John F Bateman C B Hancock 
diaries Manby James Thomson 
Tames Oldham J Thomson W Sykes 
Ward 

John Grantham J Oldham J Thom 
ion 

L Hill Jun , William Ramsay, J 
Thomson 

C Atherton B Jones jun, H M. 
j Jeffery 

if Prof Downing W T Doyne A Tate, 
James Thomson Henry Wright 
J l Dennis J Dixon H Wnght 
R Abemotby, P Le Neve Foster H 
Wright. 

P Le Neve Foster Rev F Harmon , 
Henry Wnght 


LTBT OP EVENING LECTURES. 


xli 


Dnto and Place Presidents Secretaries 

1861 Manchester J 1* Batomnu CL 1 RS P Lo Nevo Fostei John Robinson H 

"NY right 

1862 Cambridge |Williatn Pairbairn LL D FRS AA M Fawcett P Lo "Novo Foster 

1863 Newcastle iRov Prof AY ill i* MY Ml S P I c N eye 1 ostor P YA cstmacott T 

I Spence r 

1864 Bath J Ilawknlmw F It S P L© Ntvo 1 oslor RoboitPitt 

1865 Birmingham Sir \V G Yimstrong LL D P Lo Nine hosier Henry Lea \V P 

r R S M irshall YV altei May 

1866 Nottingham ihomas Hawkslt) V P Tnst P Le Neve lostci J T Iselin M 

(TIGS A Tarbott nn 

1807 Bundeo Prof W J Mitcquom Rankinc P le Neve letter John P Smith 

, LT T) T K s \\ \\ Uiquhurt 

1808 Norwich G P Tiller C I 1 RGS P To Neve losiu J F Iselin C 

I Mnubv YV Smith 

1866 1 loter C AA hit mens IRS P lit No loster T1 Buiunmn 

1870 Liverpool thas B AigniUs (FIRS If Bauerman P Lo Novo ItBter, T 

Jung J N SI oolbred 

1871 Edinburgh Prof Tlet mg lenkn IRS IF Bat ermun Alexander Ledn J P 

I Smith 

1872 Brighton b J Biamwtll CF If M Bum 1 P Lo Vvt Totter 

. I J G Gambit T N Sli olbrcd 

187) Bradford 'W II Bui low IRS f Civwford Barlow IF Bauerman L 

I I II Chi butt T C llawkshtw J N 

I S) otlbied 

1874 Belfast Prof James Thomson LID A J Ytehibon J N Shoolbiod John 

Or IRH1 Smyth jun 

1875 Bristol W Kroudo CL M APRS W H Biowne II M Brunei J G 

G u it le, J N Slv mlbicd 

1876 Glasgow C W Mu nfkld IRS \Y Lott jmloy jun AV J Millar J 

N fchoolbrtd J P Smith 


List of Evening Lectures 


Date and Place Letturer Subject of D s oursc 

1842 Manchester Chailos A iguoles IRS I Iht Prm plea an l C onstunt on of 

Atn jspliei to Rmluav* 

Su M I Brm 1 Flu llmo a Lunml 

R 1 Muichison II p Geoh gy of Russia 

1843 Cork Prot Owen MD 1 RS I Die Dinotms of NtwAaland 

Prof b Forbes FRs I ho Distribution of Annna 1 Life in 

tho Aegean Hea 

Dr Robinson Tho Lari of Rohbo i Ttlosoope 

1844 York Chailea Ljoll IRS 4 Geology ol Noith America 

Dr inlconer FR S Ihe Gignntic Tortoise t f tho isiwahk 

Hills in India 

1846 Cambridge G B Any FKS Antron Royal PiocressofT mutual Magnetism 
R I Murchison FRS Geology ol Russm 

1846 Southampton Prof Owen M.D IRS 1 ostul Mammalia of the British laics 

Charles Tycll F K S Valley and Delta ol tho Mississippi 

1846 Southampton W R Grove FRS Properties ot tho Fxplosive hubatatH* 

discovered by Di Schonbtin, also 
some Researches of his own on tho 
Decomposition oi YV atcr by Heat 

1847 Oxford Rev Prof B Powell, FRS Shooting stars 

Prof M Faraday, FRS Magnetic and Diamagnetic Pheno¬ 

mena 

Hugh E Strickland, F G & The Dodo {Did™ weptus) 



xlu 


rbpokt—1876, 


Date and Place 
1846 Swansea 

1840 Bunninglmm 
1850 Edinburgh 

1861 Tpswuh 
18 r >2 Belfast 

1853 Hull 

1854 Liverpool 
186*> Glasgow 
1866 Cheltonlmm 

18t>7 Dublin 
18 >8 Leeds 
1850 Aberdeen 

1860 Oxford 
1801 Manchester 

1862 Cambridge 

1863 Newcastle 

on Tyn$ 

1863 Newcastle 
on Tyne 
1864. Bath 

1865 Birmingham 

1866 Nottingham 


Lecturer 


John Pert) MD IKS 

| VV furpcntor MD FRS 
Dr 1 araihy Y R S 
ltev Proi \\ iliis M A 1 It 8 

i 

Prof J H Bonnett M D 
1 RSI 

Dr Mantel) I R S 

Prof It Owtn AI D IRS 

0 B Airy V R S Ahh Roiiall 
Prof U Cl Stok s D t T L It S 

( olonel Portlock RE FRS 


Prof J Plull pn I L D IRS 
IGS 


fcubjM of Discourse 


Metallurgical operations of Swansea 
and its nughbouibood 
Recent M lcrosoopical Dibcotcj kb 
Mr Gnssiot * Battery 
Transit ol diiftrent Weights with 
varying velocities on Railways 
Passage t f tl e Blood through the 
m i u to vessels of Am mills in con 
ncxion with Nutrition 
Extinct Birds t f >iow Zealand 
Dist net on between Plants and Am 
mills ind the r changes of bonn 
iotnl S lar Eclipse of JliI\ 28 18ol 
Ro nt d 8C< \ rics in tie pr [reins 
ot Light 

Recent discovery < t Rock salt at Car 
n kkrgiH and gcrlog al nnd pntc 
tical onsKhrationsconnectodwitbit 
Virt peculiar phenomena in tl eGeo 
logy and Ihysuol Geography o! 
\ rksh re 


RoWrtTTunl Fk S 

Prof H Owen Ml) IKS 

Col I Sal ne \ PR S 

Dr W B Cnrp ntcr 1 RS 
I lent Col If RhwI ns n 

Col Sn II Raw Unarm 


W R O ro\ o F R S 
1 rot W Flu mson IRS 
Rev Dr T mngstonc D C L 
Prof f Phillips LL I) IRS 
Prof R Owen Ml) b RS 
Sir R I Murchison D C I 
Rov Dr Rcbinson IRS 

Rev Pr if Walker I RS 
Captain Shcrard Osb )rn R N 
Prof W A Millei M A US 
0 B Airy T RS Aalron Roy 
Prof Tyndall 1L1) IRS 
Prof Odling FRS 
Pi of W illiumson PR 8 


James Glamber FRS 

Prof Roscoc, FRS 
Dr Livingstone, IRS 
J Beet© Jukes, FRS 


William Huggins, FRS 
Dr J D Hooker,FRS 


' T ho present steto of Photography 
Antbroj omorphoua ^pes 
I Progress of researches in lerrestrial 
Magnetism 
Characters of Shocks 
Adrian and Babylonian Antiquities 
nnd J thnol gy 

Rmnt discoveries m Assyria and 
Billy Ionia with the results of Cunei 
1 rm rcscart h up to tlio present 
turn 

CorrciuBin of Physical lorccs 
1 ho Atlantic Job graph 
Recent diwovines in Africa 
I he Irmstones ot Vorkslure 
The Ft 8s 1 1 Mammalia of Australia 
Gtology of the Northern Highlands 
I lictnenl Discharges in highly rare 
j find Media 

Physical C onstit it ion of tlio Sun 
Arctic Distovi ry 
, Spectrum Analysis 
! Ihe late Eclipse ot the Sun 
1 ho Forma and Action of Water 
Organic Chemistry 
The C homistry of tho Galvanic Bat¬ 
tery considered in relation to Dy¬ 
namics 

The Balloon Ascents made for the 
British Association 
Tho Chemical Action of Light 
Recent Travels in AInca 
Probabilities as to the position and 
extent of the Cool measures beneath 
tho red rocks of tlio Midland Coun 
ties 

The results of Spectrum Analysis 
applied to Heavenly Bodies 
Insular Floras 




LIST OV EVENING LECTURES 


xlm 


Date and Plaoe 
1867 Dundeo 

1808 Norwich 

1809 Lxeter 

1870 Liiorpo l 

1871 1 hnburgh 

1872 Brighton 

1873 Bradfoid 

1874 Belfast 

1876 Bnstul 
1876 Glasgow 


Lecturer 


Archibald Geikie FRS 

Alexander Herschel FR AS 

J Fergumson P R S 

Dr W Odl ng FRS 

Prof J Ph Hips TI D IRS 

J Norman Lookycr IRS 

Prof J Tvnd 11 III) TRS 
Prof W f Maoji m R«t kine, 
U 1) FRS 
b \ Abel H& 

F B Tylor PBS 

Prof P Martin Dunoan M D 
FRS 

Prof W K Cl fiord 

Prof W C Williamson FRS 
Prof Clerk Maxwell FRS 
Sir J dm Lubbock Bait. M P 
FRS 

Prof Huxley IRS 

William Spotliswoode LL.D 
FRS 

F J Brnmwoll FRS 
Prof Tail b RSR 
SirWyville Thomson FRS 


Subject of Discourse 


The Geological origin of the present 
Scenery ot Scotland 
The prosont state f kn wledgO ro 
gard ng Meteors and Meteorites 
And apology of the early B iddhist 
M m union U 

Reverse Chon l al Actions 
Vesuv s 

11 e Physical Cot stitutiou of tho 
bh rs an 1 N bulir 

11 e So i tide Uw of the Tmagit Uion 
Stream 1 lies and AA ive# inc nncxion 
w th Naval Architecture 
Soi o recent investigations and appli 
cat ona of Explosive A gouts 
XL e Relation of Prmutno to Modem 
C >ilisation 
Insect Metamorphosis 

II e Aims and Instruments of Scion* 
life Tho ight 
Cod and Coal Plant# 

Molecule* 

Common Wild Flowers considered »n 
relation to Insects 

Tho Hypothems that Animals are 
Automata nnd it* History 
Tho C olours of Pc 1 irixed Light 

Railwvi Slfcty ApphauooB 
F rc 

Jht Challenger Expedition 


Lectures to the Operative 0 laases 


1867 Dundee 

1868 Norwioh 

1869 Exeter 


1870 Liverpool 

1872 Brighton 

1873 Bradford 

1874 Beltast 

1875 Bristol 

1876 Glasgow 


Prof J Tyndall LL D FRS 
Prof Huxley LL D FRS 
Prof Miller M D IRS 


Su Tohn Lubbock Bart M P 
FRS 

William Spottiswoode LL D 

FRS 

C W Siemens DC! FRS 
I Professor Odl mg IRS 
Dr W B Carpenter FRS 
Commander Oamen n 0 B R N 


Matter and Force 
A piece of Chalk 

Experimental illustrations of the 
mode# of detecting tho Com post 
Uon of tho Sun ana other Heavenly 
Bodies by tho Spectrum 
Savages 

Sunshine Sea and Sky 
Fuel 

1 he Discovery of Oxygen 
A piece of limestone 
A Journey through Afrtoa 



xhv 


retort— 1876 


Date of Meeting 


1831 Seft 27 

1832 T ue 19 

1833 Juno 15 

1834 ^ ] t 8 
183? Aut 10 

1836 Aug ia 

1837 kept 11 

1838 A ig 10 

1839 Aug 26 

1840 Sent 17 

1841 July 20 
1841 Juno 23 

1843 Aug 17 

1844 Sfpt 26 

1845 June 19 

1846 Sept 10 

1847 June 23 

1848 Aif, 9 

1849 11 

1850 July ai 

1851 July 2 

1852 Sept 1 

1853 Sept 3 

1854 kept 20 

1855 kept 12 

1856 Aug 6 
1857 * Aug 26 

1858 Sept aa 

1859 Sept 14 

1 860 June 27 

1861 Sept 4 
186 a Oct 1 

1863 Aug 26 

1864 Sept 13 

1865 Sept 6 
186 b Aug 12 

1867 Sept 4 

1868 Aug 19 

1869 Aug 18 

1870 Sept 14 

1871 Aug a 
1871 Aug 14 
1873 Sept 17 

1874 , lug '9 

1875 , lug 15 
1876 Sept 6 
1877 /lug ij 


'J able nhov mq the Attendance and Receipt* 


Whcro held 


President* 


Old Life 

New Life 

Members 

Members 


I01 k 
Oxford 
Can bridge 
Edinburgh 
D iblin 

B 1 M 0 I 

Liverpool 

New wtlo on lyne 

Birmingham 

Glasgow 

Plymouth 

Manchester 

( ork 

\ork 

C aint ndgo 

S thampUm 

Oxford 

Swansea 

B rmin^ham 

Pdmbiugh 

Ipswich 

Belfast 

Hull 


Tnorpool 

Glasgow 

C 1 elteuhara 

Dublin 

Leeds 

Aberdeen 

Oxfoi d 

Mamhesttr 
Cambridge 
Newcastle on Tyne 
Bath * 

Birmingham 


jiam 
Dundee 
Norwich 
Rxoter 
I iverpool 
Edinburgh 
Brighton 
Bradford 
Belfast 
Bristol 


Glasgow 

Plymouth 


1 h I arl Pitrwill an DCL 
I he Rev W Buckland b Rh 
Hie Rev A Sedgwick 1 R S 
Sir T M Brisbane DCL 
i he Rev Provost, I lovd LL D 
The Marqu s ot Lansdiwi 0 

I ho Lari ot B irt ngton PUS 
Tl 0 Duke of Null him beiland 

II e Rev W Virnon Hnroourt 
Ihe Marquis of Breudulbane 

J ho R v \V Whewell FHS 
11 e Lord 1 1 ai c s 1 gei ton 
Ihe Furl of Rosso L R S 
PloRiv O Peaco k DD 
Sir J 1 n L W Hcrscl el Birt 
S r Rod nek T Mu oh e 11 Bart 
Sir Robert JI Inglis Bnrt 
i ho Mara ns ot Northampton 
The Rev 1 R Robinson D D 
bir David Brewster K H 
Cl B Airy hsq Aatron Royul 
Lieut Gw oral Sabine FBfc! 
Will am Hopkins Esq FRS 
The Furl of Harrowby F R S 
The Duke or Argyll FRS 
Prrf t G B Daubeny MB 
Tlio Rev Humphrey I lojd D D 
Richard Owen M D DCL 
H RII The 1 rmce Consort 
The land Wrottodcy M A 
William bairbfiim LLD FRb 
The Hot Prof Willis MA 
Sir W illmm G An 1 strong C B 
Sir Charles J yell Bart MA 
Prof J Phillips MA LLD 
William R Grove QC IRS 
The Duke of Buoclcucb K C 13 
Dr Joseph D Hooker F R 9 
Prof G G Stokes DCL 
Prof T H Huxley LLD 
Prof Sir W Thomson LL D 
Df W B Carpenter IKS 
Prof AW Williamson FKS 
Prof J Tyndall LLD FRS 
Sir John Hawkshaw CE FRS 
Prof T Andrew* M D F R s 
Prof A Thorn win, M D F R b 
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at Annual Meetings of the Association . 



Attended by 




Amount 

Sums paid on 
Account of 
Grants for 
Scientific 
Purposes 

Old 

Annual 

Member*, 

Now 

Annual 

Members 

Associates 

Lathes 

Foreigners 

_ 

Total ' 

1 
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during the 
Meeting 


. 


# 1 
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•* 
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t 
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• 1 

• 
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1298 


20 0 0 

167 0 0 

46 

75 
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33t 

t 
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34 

40 

18 
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918 14 6 
956 12 2 

1595 IX 0 
1546 16 4 
1235 10 11 
1449 17 8 , 
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45 

94 
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22 
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35 
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36 
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60 
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57 
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26 
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480 i6 4 
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9 
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26 
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2015 0 0 
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13 
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1931 0 0 
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821 

12 
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11 
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H 
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17 
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*5 
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* Ladies were not admitted by purchased Tickets until 1843. 
t Twketa tor admission to Sections onlj, f Including Ladies. 
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OFFICERS OF SECTIONAL COMMITT1 FS PRESENT AT THE 
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Pen In t —A Rusoel Wallic 1 L S PROS 
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President —Capta u Fvans C B FRS Hydrographer to the Admiralty 
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Ml Cl oval or C stofo o Negn OoL R I Play lair Oommai der F H 
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Sir James Watson 
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8ECTT0N G —MECHANICAL SCIENCE 
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Vice-Presidents —0 Bergeron F J Bmmwell PUS W Froude,MA CP 
FRS Sir John Hawkshair, F R.S O W Siemens D C I . FRS Thomas 
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Report of ike Conned for the Tear 1875-76, presented to the General 
Commxttee at Glasgow oh Wednesday , September GfA, 1870, 

Tho Council have much regret in announcing that Sir Robert Christison, 
who was elected President for tho Glasgow Mooting, informed tho Council in 
the courso of last winter that he felt himself unable to preside, in conse¬ 
quence of tho state of his health. Under these ciroumstancos tho Council 
selected Dr. Andrews, of Belfast, for nomination for tho office of President; 
and the first business of tho General Committee of tho Association will be to 
confirm this nomination. Tho Council also recommend that Mr. J. Young, 
F.R 8 , be elected a Vice-President of tho Association. 

The Council have received Reports during the past ) ear from the General 
Treasurer, and Ins Accounts for the year w ill be laid before tho General Com¬ 
mittee this day. 

The General Committee at Bristol referred the following four Resolutions 
to the Council for their consideration, and they beg to report their action 
thereon in each oaso :— 

First Resolution ,—“ That the Council bo requested to consider tho re¬ 
commendations of tho Reports of tho Royal Commission on Scientific 
Instruction and tho Advancement of Science, and to take such action 
thereupon as may seem to them best calculated to advance the inte¬ 
rests of Natural Science.” 

The Council having considered this Resolution, waited as a deputation 
Upon the Lord President of the Council and npon tho Secretary of State for 
tho Home Department, and urged upon the Government tho opinion of the 
Association that it is of the highest importance to tho welfare of this country 
that the Government should without delay give systematic material aid to the 
development of tho higher Scientific Education, in tho spirit of tho Fifth and 
Eighth Reports of the Royal Commission on Scientific Instruction and the 
Advancement of Science; and the Council further urged upon tho Govern¬ 
ment that, in the selection of Members of tho proposed University Commis¬ 
sion, Science should be duly represented. The Government promised to give 
drte consideration to the representations of the British Association ; and they 
have increased the amount of tho Grant to the Royal Socioty for aiding 
Scientific Investigation. 

Second Resolution .—“ That the Council be requested to take such stops 
as they think suitable for renewing their representations to the 
Secretary of State for India, as to the importance of establishing an 
Observatory for Solar Physics in India, In oonformity with the recom¬ 
mendations of the Royal Commissioners on Scientific Instruction and 
the Advancement of Science.” 

Hie Oonhoil having learned that steps were being taken in India in refor¬ 
ehoe to this matter, deemed it advisable to defer any action for the present. 
1676, d 
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Third Resolution — u That tho Council he requested to consider nnd 
report upon the manner in which the Members of Committees and 
other Officers of the Association shall be selected, and whether Ladies 
shall be admitted to such offices, and if so, to what offices, and under 
what conditions.” 

Upon # this Resolution tho Council have come to the following conclusion, 
viz..— 

That it does not appear to have been the practico of the British 
Association to elect Ladies as Officers of the Association, or to 
place them upon tho General or Sectional Committees, and they 
nro of opinion that no case has been mado out for altering tho 
practice hitherto in force 

Fourth Resolution —“That the Council be requested to take into con¬ 
sideration the expediency of appointing Representatives to attend tho 
International Statistical Congress to bo hold at Buda-Pesth in 1873.” 

The Council havo not taken any action on this Resolution. 

The Council regret to havo to announce that Dr. Michael Foster, M.A., 
F.IL8., is unable to continue to act as ono of the General Secretaries of tho 
Association. They cannot refrain from expressing their regret at tho loss of 
his valuable services. 

The Council have agreed to recommend that Mr Philip Lutloy Sclater, 
F.R 8 , bo appointed ono of the General Secretaries in his place Mr. Relator’s 
name will be proposed to the Geneial Committee at the Meeting for tho 
Eleotum of the Council and Officers on Monday next. 

The Council havo added to the List of the Corresponding Members of tbo 
Association the names of the following gentlemen present at the last Meeting 
of the Association, viz :— 

Dr. NachtigaL 

Dr. Oppenheiin. 

Dr. E. L. Youmans. 

The Council hav© been informed that invitations for the Meeting to be hold 
in 1878, or following years, will be presented from Leeds and Dublin. 

Tho following are the names of Members of Council for the past year who, 
in accordance with the regulations, are not eligible for ro-elcction this year, 
vi*.:— 

Mr. Bateman. Right Hon. Lyon Playfair. 

Professor G. C. Foster. Dr. C. W. Siemens. 

Mr. Loekyer. 

The Council recommend the rc-election of tho other ordinary Members of 
Council, with the addition of the gentlemen whose names are distinguished 
by an asterisk in tho following list *— 

Abel, F. A., Esq., F.R S. *Froude, W., Esq., F.R.8. 

•Alcock, Sir Rutherford, K C B. Gossiot, i . P., Esq., D.C.L., LL.D., 

BramweU, F. J., Esq., C.E., F.ll.6. F.R S. 

•Cayley, Professor, F.R.8. Heywood, J., Esq., F.R.8. 

De La Rue, Warren, Esq., D.C.L., •Houghton, Lord, F.R.S. 

F.K.S. •Muggins, W., Esq., F.R.S. 

Evans, J., Esq., F.R.S. Jefroys, J. Gwyn, Esq., F.R.8. 

Farr, Dr. F.R& Maskelyne, Prof. N. 8., M.A., FJUS, 

Flower, Professor W. H., F.R.S. Maxwell Professor J. Clerk, F.R.8* 
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Merrifleld, C. W., Esq., F.R.8. 
Newton, Professor A., F.R.S. 
Ommanney, Admiral E., C.B., F.R.S. 
Pengelly, W., Esq., F.R.6. , 

Treatwioh, Profeaaor J,, FII8, i 


RoHeaton, Professor G., M.A., F.R 8. 
Roecoo, Professor H. E, Ph.D, 
F.R.8. 

Russell, Dr. W. J., F.R.8. 

Smith, Professor II. J. 8 , F.R.S. 


Recommendations adopted by the General Committee at toe Glasgow 
Meeting in September 187fi. 

m 

[When Commit I om are appointed, the Member first named is regarded as the Secretary, 
except there lx a specific nomination ] 


Involving Grants of Money . 

That tho Committee on Underground Ternpemluro, consisting of Professor 
Everett, Professor Hir W. Thomson, Professor J. Clerk Maxwell, Mr. G. J. 
Symons, Professor Ramsay, Piofessor Gcikie, Mr J Glaisher, Mr Pongolly, 
Professor Edward Hull, Professor Anstcd, Dr Clement Lo Novo Foster, 
Professor A. 8. Hersdiel, Mr G A Lcbour, Hr A. R Wynne, Mr Galloway, 
and Mr Joseph Dickinson, bo roappointed , that Piofessor Everett ho the 
Secretary, and that the sum of £50 bo placed at their disposal. 

That tho Conmntteo, consisting of Professor Stokes, Dr. Do La Rue, Pro¬ 
fessor Clerk Maxwell, Professor W. F. Parrott, Mr. Howard Grubb, Mr. G. 
Johnstone Stoney, and Professor R. 8 Ball, for examining and reporting 
upon the reflective powors of silver, gold, and platinum, whether in mass 
or chemically deposited on glass, and of speculum metal, bo reappointed; 
and that tho grant of £20 which has lapsed be renewed. 

That Professor Sir William Thomson, Professor Tait, Professor Grant, 
Dr. Siemens, and Professor Purser bo appointed a Committco to undertake 
experiments for the Measurement of tho Lunar Disturbance of Gravity; and 
that the sum of £50 bo placed at their disposal for tho purpose 

That the Committee on Thermo-Electricity, consisting of Professor Tait, 
Professor Tyndall, and Professor Balfour Stowart, bo reappointed; and that 
the grant of £60 which has lapsed bo renewed. 

That the Committee, consisting of Professor Cayley, Professor G. G. Stokes, 
Professor H. J. S. Smith, Professor Sir W. Thomson, and Mr. J. W. L. 
Glaisher (Secretary), be reappointed, that the tables of tho Elliptio Function* 
be oomplcted and published; that the sum of £250 be placed at the disposal 
of tho Committee for the purpose, and that it bo referred to the Council to 
settle the details of publication 

That the Committee, consisting of Dr. Joule, Professor Sir W. Thomson, 
Professor Tait, Professor Balfeur Stewart, and Professor J. Clerk Maxwell, 
for effecting tho determination of tho Mechanical Equivalent of Heat, be 
Reappointed; and that the sum of £100 be placed at their disposal for the 
purpose. 

That the Committee on Luminous Meteors, consisting of Mr. James Glaisher, 
Mr. 1L P. Gwg, Mr. Charles Brooke, Dr. Flight, Professor G. Forbes, and 
Professor A* 8. Hersohel, be reappointed; that Professor Ssrschel be tho 
Secretary, and that the sntft of £30 be placed at tbeir disposal. 
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That Professor G. Forbes and Professor Sir W. Thomson bo a Committee 
for the purpose of endeavouring to make arrangements for the taking of 
certain observations of Atmospheric Electricity in India; that Professor G. 
Forbes be the Secretory, and that the Bum of £J5 bo jointed at their disposal 
for the purpose 

That tho Committee for mve&tiguting the methods omployod in the esti¬ 
mation of Potash and Phosphoric And in commercial produets bo reappointed ; 
also that Mr E W Ihuncll and Mr Ogiluc bo added to tho Committees; 
that Mr Allen bo tho Socretary, and that the sum of £20 bo placed at their 
disposal for the purpose. 

That J)r. William Wallace, Profcssoi Dittmar, and Mr. Thomas Wills be 
a Committee for the purpose of ropoitmg on Cm best means for tho develop¬ 
ment of Light from Coal-gas of diffeient qualities , that Dr. Wallace be the 
Secretary, nnd that tho turn of £20 be placed at their disposal for the 
purpose. 

Thai tho Committee, consisting of Dr. F Clones and Dr. W. A Tilden, 
for tho purpose of examining tho Action of Ethylbromo-butyrato on Ethjl 
Sod-acoto-acetate, be reappointed , that Dr Clowes bo the Secretary, and that 
the sum of £10 bo placed at their disposal for the purpose. 

That the Committee, consisting ot Dr Aimstrong, Professor Thorpe, and 
Mr. W. W Fisher, for the purpose of investigating tho Isomeric Crcsols and 
tho Law ot Huhstitution m tho Phenol Scries, bo reappointed; that Dr. 
Armstrong bo the Secretary, and that tho sum of £10 bo placed at their dis¬ 
posal for the purpose. 

That Mr. W. N. Ilaitley, Mr J. M Thomson, and Mr. W Chandler 
Roberts ho a Committee for tho purposo of investigating tho Constitution of 
Double Compounds of Cobalt and Nickel, that Mr. J M. Thomson ho the 
Secretary, nnd that tho sum of £10 bo placed at their disposal for tho purposo 

That Dr Crum-Brown, and Messrs Dewar, Dittmar, and Dixon bo n Com- 
mitteo for the purpose of investigating somo methods that lme been recently 
proposed for the Quantitative Estimation of Atmospheric Ozone, that Mr. 
E. M. Dixon ho the Secretary, and that tho sum of £15 bo placed at their 
disposal for tho purpose 

That Mr W. N Hartley, Dr E J. Mills, and Mr W. Chandler Roberts be 
a Oommittoo for tho purposo of investigating the conditions under which 
liquid Carbonic Acid occurs in Minerals, that Mr. W. N. Hartley he tho 
Secretary, and that tho sum of £20 bo placed at tlioir disposal for tho 


purpose. 

That Mr. J. Evans, Sir J. Lubbock, Bmt, Mr E. Vivian, Mr. W. Pen- 
golly, Mr. G. Busk, Professor \V. Boyd Dawkins, Mr. W. Ayshford Sand ford, 
and Mr. J. E. Lee ho a Committee for the purposo of continuing the ex¬ 
ploration of Kent’s Cavern, Torquay; that Mr. Pengclly be the Secretary, 
and that tho sum of £100 be placed at thoir disposal for the purposo. 

That Sir John Lubbock, Bart, Professor Prestwick, Professor Busk, Pro¬ 
fessor Hughes, Professor W. Boyd Dawkins, Rev. H. W, Crosskey, Messrs. 
L. C. Miall and R. H. Tidderaan bo reappointed a Committee for the pur¬ 
pose of assisting in tho exploration of tho Viotoria Cave, that Mr. Tiddem&n 
do the Secretary, and that tho sum of £100 ho placed at their disposal for 
thepurpose. 

That Mr, J. Evans, Rev. T. G. Bonney, Professors A. H. Green and H. A* 
Niohdlson, Messers. W. Carruthors, F, Drew, R. Etheridge, Jun., G, A, 
Lebour, L. C. Miall, F. W. Kadler, E, B. Tawney, W. Topley, and W. 
Whitaker be a Committee for the purpose of carrying on the Geological 
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Record; that Mr* Whitaker be the Secretary, and that the sum of £100 be 
placed at thoir disposal for the purpose* 

That Professor Hull, Mr. E. W. Binney, Mr. H Howell, Mr. M. Re&de, 
Rev. II. W. Crosskey, Professor A. H. Green, Professor Harkuess, Mr. W. 
Molyneux, Mr. G. H. Morton, Mr. Pongclly, Professor Prestwich, Mr* J. 
Plant, Mr. W. Whitaker, Captain I) Galton, and Mr l)e Ranee be a 
a Committee for the purpose of investigating' the circulation of tho under¬ 
ground waters m tho New Red Sandstone and Permian formations of 
England, and tho quantity and character of the water supplied to various 
towns and districts from those formations , that Mr. C E. Do Ranee bo tho 
Secretary, and that the sum of £ 10 bo placed at their disposal for tho pur¬ 
pose 

That Professor A* 8. Hcrschel nml Mr* G* A. Lcbour bo a Committee 
for tho purpose of making experiments on tho Thermal Conductivities of 
cortam rocks , that Professor Ilcrschol bo the Secretary, and that the sum 
of £10 be placed at their disposal for the purpose. 

That l)r. Bryce, Mr J. Brough, Mr G Forbes, Mr D. Milnc-Uorae, Mr, 
J. Thomson, Professor Sir W Thomson, and Mr. Potor Drummond be a 
Committee for tho purpose of continuing the Observations und Records of 
Earthquakes in Scotland ; that Dr. Bryco bo tho Secretary, and that the sum 
of .£10 be placed at their disposal for the purpose. 

That Mi. W. Toplcy, Mr. H. Willott, Mr R. A. C. Godwin-AuBton, Mr. 
Davidson, Prof. Prestwich, Prof. W. Boyd Dawkins, Mr, II. Woodward, and 
Prof. Hull bo a Committee for the purpose of promoting the Sub-Woalden 
Exploration; that Mr. Willett and Mr. Toplcy be tho Secretaries, and that 
tho sum of .£100 bo placed at their disposal for the purposo. 

That Professor Arthur Gatngcc, Professor Koscoc, and Mr. Priestley bo a 
Committee for tho purpose of investigating tho Physiological Action of Ortho-, 
Pyro-, and Mctaphosphoric Acids and ol allied compounds; that Professor 
Gai%ee bo the Secretary, and that the sum of £15 bo placed at their disposal 
for tho purposo. 

That Dr. Hooker, Professor Oliver, and Mr. Dyer be a Committee for the 
purpose of preparing a Report on the Family of the Dipterocarpero , that Mr. 
Dyer be tho Hecrctaiy, and that, the sum of £20 bo placed at thoir disposal 
for the purposo. 

That Mr. Stainton, 8ir John Lubbock, and Mr. Sclater bo a Committee 
for the purposo of continuing a Record of Zoological Litoratuie, that Mr. 
Stainton be tho {Secretary, and that tho sum of £100 bo placed at their dis¬ 
posal for the purpose. 

That Professor Huxloy, Dr. Carpenter, Mr. Sclater, Mr. F. M. Balfour, 
Hr. M. Foster, Professor Ray Lankestor, and Mr. Dew-8mith bo reappointed 
a Committee for the purpose of arranging with Dr. Dohra for tho occupation 
of a Tablo at tho Zoological Station at Naples during tho ensuing year; 
that Mr. Dew-Smith be tho Secretary, and that the sum of £75 be placed at 
thoir disposal for the purpose* 

That Colonel Lane Fox, Dr. Boddoe, Mr. Franks, Mr. F. Galton, Mr. E. 
W« Brabrook, Sir J. Lubbock, Sir W. Elliot, Mr, C, R. Markham, Mr. lk 
Tylor, Mr, J. Evans, and Mr. F, W. Rudler bo reappointed a Committee fo* 
the purposo of preparing and publishing brief forms of instruction for tra¬ 
vellers, ethnologists, and other anthropological observers; that Colonel Lane 
Foot be the Secretary, and that the sum of £25 be placed at their disposal for 
ihepurpose. 

Ihat Colonel Lana Fox, Professor Eolleaton, Mr, Park Harrison, Mr. T. 
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H. Price, and Mr. J. R. Mortimer be a Committee for the purpose of the 
Exploration of Ancient Earthworks and other Prehistoric Remains, that 
Colonel Lane Fox be the Secretary, and that the unexpended balance of £25 
be placed at their disposal for the purpose. 

That Dr. Farr, Dr. Beddoe, Mr Brabrook, Sir George Campbell, the Earl of 
Ducio, Mr F P. Fellows, Colonel Lane Fox, Mr F. Galton, Mr. Park Ham- 
son, Mr. J. Hoy wood, Mr, P Hallett, Professor Leone Levi, Sir Rawson Raw- 
son, and Professor ltoileston bo a Committee for the purpose of continuing 
the collection of observations on the Systematic Examination of Heights, 
Weights, &o. of Human beings in the British Empire, and the publication of 
Photographs of the topical races of tho Empire ; that Colonol Lane Fox bo 
the Secretary, and that the sum of £\ 00 bo placed at thoir disposal for the 
purpose. 

That tho Right Hon. J. G, Hubbard, M l\, Mr. Chadwick, M.P„ Mr. 
Morloy, M.P, f Dr Farr, Kir George Campbell, M.l\, Mr. Hallett, Professor 
Jevons, Mr, Nowinarch, Mr. Shaon, and Mr, Macneel Caird (with power to 
add to their number) be continued as a Committee for the purpose of 
farther developing the investigations into a Common Measure of Value m 
Direct Taxation, that Mr. Hallett be the Secretary, and that the sum of 
£10 be placed at their disposal for the purpose of defraying expenses incurred 
and to be incurred m tho inquiry 

That the Committee ou instruments for measuring tho speed of ships be 
reappointed , that it consist of the following Members .—Mr. W. Froude, Mr. 
F. J. Bramwell, Mr A E. Fletcher, liov E L Berthon,Mr James R. Napier, 
Mr. C. W Morn field, Dr C W. Siemens, Mr H. M. Brunei, Mr W. Smith, 
Sir William Thomson, Mr. J N Bhoolbrcd, and Professor James Thomson ; 
that Mr. J. N. Shoolbred be the Secretary, and that the sum of £50 bo placed 
at their disposal for the purpose. 

That Professor Sir W. Thomson, Professor Clerk Maxwell, Professor Tait, 
Dr. C. W. Siemens, Mr. F. J. Bramwell, Mr. W Froude, and Mr. |L T. 
Bottomley be a Committee for tho purpose of commencing secular experi¬ 
ments on the Elasticity of Wires; that Mr. Bottomley be the Secretary, and 
that the sum of £100 bo placed at their disposal for the purpose. 


Applications for Reports and Researches not involving Grants of 

Money 

That the Committee, consisting of Professor Cayley, Mr. J. W. L Glftisher, 
Dr. W. Pole, Mr. C. W. Mernfield, Professor Fuller, Mr. H. M. Brunei, and 
Professor W. K. Clifford, bo reappointed to estimate the oost of constructing 
Mr. Babbage’s Analytical Engine, and to consider the advisability of printing 
tables by its means; and that Professor W. K. Clifford be the Secretary. 

That Dr. W. Huggins, Mr. J, N, Lockyer, Professor J. Emerson Reynolds, 
Mr. G. I. Stonoy, Mr Spottiswoodo, Dr. De La Rue, and Dr. W. M. Watts 
be a Committee for the purpose of preparing and printing Tables of Wave- 
frequency (Inverse Wave-lengths), and that Mr. G. J, Stoney be the 
Secretary. 

That the Committee, consisting of Professor Sylvester, Professor Cayley, 
“Professor Hirst, Professor Bartholomew Prioe, Professor H. J. 8. Smith, 
Dr. Spottiswoode, Mr. R. B. Hayward, Dr. Salmon, Professor R. Townsend, 
Professor Fuller, Professor KeUand, Mr. J. M. Wilson, Professor HenrieJ, 
Mr. J. W. L. Glaieber, and Professor Clifford, for considering the possibility 
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of improving the methods of instruction in elementary geometry, be reap¬ 
pointed. 

That Mr. Spottiswoodc, Professor G. G. Stokes, Professor Cayley, Professor 
H. J. S. Smith, Professor Sir W. Thomson, Professor Honnoi, Lord Rayleigh, 
Mr. C. Brooke, and Mr. J. W. L. GLusher be appointed a Committee to 
report upon Mathematical Notation and Printing. 

That the Committee on the Magnetization of Iron, Nickel, and Cobalt, 
consisting of Professor Balfour Stewart, Professor Clork Maxwell, Mr. H. A. 
Rowland, and Professor W. E. Barrett, be reappointed. 

That Professor Prostwicb, Professor Harknoss, Professor Hughes, Professor 
W. Boyd Dawkins, Rev H. W. Crosskey, Mossrs. L. C. Miull, G. H. Morton, 
D. Mackintosh, R, II. TnMeman, J . E. Lee, T. Plant, W. Pengclly, and Dr. 
Deane be a Committee for the purposo of recording the position, height 
above the sea,'lithological characters, size, and origin of the Erratic Blocks 
of England, Wales, and Ireland, reporting other matters of interest con¬ 
nected with the same, and taking measures for their preservation; that the 
Rev. H. W. Crosskoy be the Secretary. 

That tho ltev. II E. Bnrnep, Mr. C. Hponco Bate, Mr. H. E. Dresser, 
Dr. Gunther, Mr. J. E Harting, Dr J. Gwjn Joffreys, Professor Nowton, 
and Rot. Canon Tristram bo a Committee for tho purposo of inquiring into 
the possibility of establishing a li close time ” for tho protection of indigo* 
nous animals. 

That Mr Spence Bate bo requested to continue lus Report “On tho present 
state of our knowledge of the Crustacea. 1 ’ 

That Mr. R. Bruce Bell, Mr. J. Wolfe Barry, Mr James Brownlee, 
Mr- Henry Brunei, Mr. St. John V Day, Mr. Edward Easton, Mr. William 
Eroude, Kir John Hawktdinw, Professor A. B. W. Kennedy, Dr W, Pole, 
Mr. Hazelton Robson, Mr. David Rowan, and Mr. William Smith be a 
Committee for tho purpose of reporting on tho different kinds of Safety- 
valves used or designed for marine and other engines 

That tho Committee for tho purpose of making experiments and of re¬ 
porting on tho effict of the Propeller on tho turning of Steam-vessels be re¬ 
appointed (with power to communioato with the Government), consisting df 
Mr. JamcB R. Napier, Kir William Thomson, Mr. William Eroude, and 
Professor Osborne Reynolds; that Mr J. T. Bottomley bo added to tho 
Committee, and that Professor Osborne Reynolds be the Secretary. 

That tho Committee, consisting of Professor Kir William Thomson, Major- 
General Strachey, Captain Douglas Galton, Mr, G. F, Deacon, Mr. Rogers Field, 
Mr. E. Roberts, and Mr, James N. Shoolbred, for tho purposo of consider¬ 
ing tho Datum-lovel of the Ordnance Survey of Great Britain, with a view r 
to its establishment on a surer foundation than hitherto, with power to 
oommunicate with the Government if neccHsary, be reappointed , that Mr. 
James N. Shoolbrod be the Secretary. 

That the Conumttoo, consisting of Mr. W, H. Barlow, Mr. H. Bessemer, 
Mr. F. J. Bramwell, Captain Douglas Galton, 8ir John Hawkshaw, Dr. 
C. W. Siemens, Professor Abel, and Mr. E. H. Carbutt, for the purpose of * 
considering tho use of steel for structural purposes, be reappointed; that 
K. H. Carbutt be tho Secretary. 

That Dr. A. W. Williamson, Professor Sir W Thomson, Mr. Vincent 
Day, Dr. Siomens, Mr. Merrifield, Mr. Nelson Hancock, Professor Abel, Mr. 
R. Napier, Captain Galton, Mr. Newmarch, Mr. Carbutt, and Mr. Macroiy 
be a Committee for the purpose of watching and reporting to the Council 
oa Patent legislation \ that Mr. Bramwell be the Secretary. 



lvi 


REPO AT— 1876. 


Resolution referred to the Council for consideration and action if it Hem 

desirable. 

That the Counoil bo requested to consider, and to take steps if they think 
it desirable, to urgo upon H,M. Government the advisability of forming a 
Museum of Scientific Instruments and Chemical Produots, as suggested m 
the Memorial presented in Juno last to the Lord President of H.M. Council. 

That tho arrangement of the Journal ol Sectional Proceedings bo altorcd, 
and that tho list of the papers to bo road on the day of issue bo placed 
before tho list of papers read on the previous da). 

That in future the Presidents-olect of the various Hoctions bo invited to 
confer with the General Secretary, piepaiotory to the issuing of tho first 
number of the Journal, to arrange the older in which the Sectional Addresses 
should be delivered, so as to afford opportunity to tho Members of the Asso¬ 
ciation to attend the ee\eral Addresses in those subjects m which they may 
be interested, and that the order in which the Addresses are to be road be 
announced in the first number of the Journal. 


Communications ordered to be printed in oxtenso in the Annual Report of 

the Association . 

That Professor James Thomson’s paper, “ Improved Investigations on the 
Flow of Water through Onfices, with objections to the Modes of Treatment 
commonly adopted,” be printed m extenso in the Reports pf the Association. 

That Mr. W. J. Jansson’s paper, “Nitrous Oxide m tho Gaseous and 
Liquid States,” bo printed in extenso in the Reports of tho Association. 

That the paper by Mr G. Chrystal and Mr. S, A. Saundor, “ On a Com¬ 
parison of the B.A. Standards of Electrical Resistance,” be printed m extenso 
among the Reports, 

That the paper by Professor Osborne Reynolds, “ On the Investigation of 
tho Steenng-qualitics of Ships,” be printed in extenso m the Reports of the 
Association togother with the necessary Plates. 
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Synopsis of Grants of Money appropriated to Scientific Purposes by 
the General Committee at the Bristol Meeting in September 1876, 
The names of the Members who would be entitled to call on the 
General Ti'easurcr for the respective Grants arc prefixed. 


Mathematics and Physics . 

♦Everett, Professor.—Underground Temperature ... . .£f>0 0 0 

♦Stokes, Professor.—Reflective Power of Silver and other 

Substances (ronewed) . . . 20 0 0 

Thomson, Sir William.—Mrasurcment of the Lunar Disturb¬ 
ance of Gravity . . . . 50 0 0 

♦Toit, Professor—Tliormo-Elcctnut) (renewed). 50 0 0 

♦Cayley, Professor.—Publication of Tables of Elliptic Functions 250 0 0 

♦Joule, Dr.—Determination of the Mechanical Equivalent of 

Heat. . lOO 0 0 

♦Glaisher, Mr. J.—Luminous Meteors .... . 30 0 0 

Forbes, Prof. G,—Observation of Atmospheric Electricity in 

India. 15 0 0 

Chemistry. 

♦Allen, Mr.—Estimation of Potash and Phosphoric And 20 0 0 

Wallace, Dr. W —Light from Coal Gas . . 20 0 0 

♦Clowos, Dr. F.—Action of Ethyl Bromo-butymte on Ethyl 

Sodaccto-acetate (renewed) ., .10 0 0 

♦Armstrong, Dr.—Isomeiic Cresols and the Law of Substitution 

in the Phenol Senes (renewed) . . 10 0 0 

Hartley, Mr. W. N.—Double Compounds of Cobalt and Nichol 10 0 0 

Brown, Prof. Crum.—Quantitative Estimation of Atmospheric 

Oaone . 15 0 0 

Hartley, W. N.—Liquid Carbonic Acid in Minerals . . 20 0 0 

Geoloyy. 

♦Evans, Mr* J.—Kent’s Cavern Exploration. 100 0 0 

♦Lubbock, Sir J., Bart.—Exploration of Yiotona Cave, Settle 100 0 0 

♦Evans, Mr. J.—Record of the Progress of Geology ., . 100 0 0 

♦Hull, Professor.—Underground Waters in tho Now Red Sand¬ 
stone ... *. 10 0 0 

♦Horschol, Professor.—Thermal Conductivities of Rooks .. . 10 0 0 

♦Bryce, Dr.—Earthquakes in Scotland. 10 0 0 

Topley, Mr.—Sub-Wealden Epxloration . 100 0 0 

Carried forward. £1100 0 0 


♦ Besppointed. 
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Biology. 

Brought forward ..£1100 0 0 

Gamgee, Prof —Physiological Action of Ortho-, Tyro-, and 

Meta-pbosphom Acids 15 0 0 

Hooker, Dr.—Report on the Family of the Dipterocorpe® 20 0 0 

•Stainton, Mr.—Record of Zoological Literature... . . 100 0 0 

•Huxley, Professor.—Table at the Zoological Station at Naples 75 0 0 

•Fox, Col Lane—Exploration of Ancient Earthworks (renewed) 25 0 0 

•Fox, Col. Lane.—Instructions for the use of Travellers. 25 0 0 


Statistics and Economic Science. 

•Farr, Dr.—Anthropometric Committee (partly Tone wed) . 100 0 0 

•Hubbard, Right Hon. J. G.—Common Measure of Value in 

Diroct Taxation .. . 10 0 0 


Mechanise, 

•Froude, Mr. W.—Instruments for Measuring the Spood of 

Ships (partly renewed) . ... .. . . 50 0 0 

Thomson, Sir William —Secular Experiments on the Elasti¬ 
city of Wires . . 100 0 0 

Total . £1mjT 0 0 


* Reappointed. 


The Annual Meeting tn 1877. 

The Meeting at Plymouth will commence on Wednesday, August 15, 1877. 
Place of Meeting tn 1878. 

The Annual Meeting of the Association in 1878 will be held at Dublin. 
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General Statement of Sums which have been paid on Account of Grant* 
for Scientific Purpose*. 



£ 

■ d | 

1834 

Tide Discussions 

20 

0 

0 

1835 

Tide Discussions 

62 

0 

0 

British fossil Ichthyology 

105 

0 

0 


£107 

“o 

0 

1836 1 

Tide D scuhn on* 

163 

0 

0 

Br tish Fossil Ichthyology 

)0o 

0 

0 

Thermometr c Observal oni 

8fc 50 

0 

0 

Experiments on long tont 
Heat 

ued 

17 

1 

0 

Ram Gauges 

U 

13 

0 

Refract on Lxper ments 

15 

0 

0 

Lunar Nutation 

60 

0 

0 

Thermometers 

15 

6 

0 


£434" 

14 

0 

181T 

Tide Discussions 

284 

1 

0 

Chemical Constant* 

24 

13 

6 

Lunar Nutation 

70 

ft 

0 

Observations on Waves 

100 

12 

0 

Tides at Bristol 

150 

0 

0 

Meteorology and Subterranean 
Temperature 89 

5 

0 

Vitrification Exp rlmcnts 

150 

0 

0 

Heart Experm e ts 

A 

4 

6 

Barometric Observations 

30 

0 

0 

Barometers 

11 

18 

6 


£018 

14~ 

0 

1838 

Tide DIicukIoi a 

20 

0 

0 

Britlah Font) Fiahea 

100 

0 

0 


Metcoiology and Subterranean 
Temperature 

Vitrification Experiments 
Cast Iron Txpemuents 
Railway Constat U 
Lind and Sea Level 
Steam vessels Fnginet 
btan In Histoire Celeste 


X * d 


Meteorological Observations and 

Anemon eter (construct! n) 100 0 

Cast Iron (Strength of) 60 0 

Animal and Vegetable Substances 

(Preservation of) 19 1 10 

Railway Constants 41 13 10 

Bristol Tides 50 0 

Growth of Plants 75 0 

Mud In Rivers 3 6 

Education Committee AO 0 

Heart Fxpenments A 3 

Land and Sea Level 267 6 

Subterranean Ten perature 8 fi 

Steam vessels 100 0 

Meteorological Cornu ittee 31 0 

Thermometers 16 4 

~£95« W 


1830 


21 U 
9 4 
100 0 
28 7 
274 1 

100 0 
331 18 


Foasll Ichthyology 110 0 

Meteorological Observations at 
Plymouth SI 10 0 

Mtehintaa of Wave* 144 S 0 

Bristol Tides .. ft* U ft 


Stars in Lacaille 

noo 

Stars in R A S Catalogue 

0 1ft 6 

Animal Secretions « 

10 10 0 

Steam engines in Cornwall 

50 0 0 

Atmospheric Air 

16 1 0 

Cast ai d Wrought Iron 

40 0 0 

Heat on Organic Bodies 

10 0 

Gases on Solar Spectrum 

22 0 0 

Hourly Meteorolog cal Observe* 

tions Inverness and Kingussie 

49 7 3 

Fossil Rept les 

118 2 9 

Min g Statist cs 

50 0 0 

£150$ It 0 

1840 

Br stol Tides 

100 0 0 

Subterranean Temperature 

13 13 ft 

Heart Txper menu 

18 19 0 

I ungfl Experiments 

8 13 0 

Tide Ducutaions 

50 0 0 

Land and Sea Level 

o n i 

Start (Histoire Ctleite) 

242 10 0 

Stars (Laca lie) 

4 15 0 

Stars (Catalogue) 

204 0 0 

Atmospheric Air 

15 Jft 0 

Water on Iron 

i<r o o 

Heat on Organic Bodies 

7 0 0 

Meteorological Observations 

52 17 ft 

Foreign Scientific Memoirs 

112 1 A 

Working Population . 

100 0 0 

School Statistics 

*0 0 0 

Forms of Vessels 

184 7 0 

Chemical and Electrical l he no- 

man a 

40 0 0 

Meteorological Observations at 

j 

Plymouth 

00 0 0 

Magnetleal Observations 

u» io o 

£1546 1ft 4 

1841 

Observation s on Waves 

30 0 0 

Meteorology and Subterranean 

Temperature 

8 8 0 

Actinoorteters 

10 A ft 

Earthquake Shocks 

17 7 0 

Acrid Poison* 

ft 0 ft 

Veins and Absorbent* 

*0» 

Mud In Rivers , 

* ft 0 


Marine Zoology 
Skeleton Maps 
Mountain Barometers 
•tan (HUudreCdUste) 


1ft 11 
SO • 
ft 11 
Uft ft 
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U 



£ 

9 

a 


£ 

Si 


8tan ff acaille) 

79 

5 

0 

Meteorological Observations, Os 




Stars f Nomencl iture of) 

17 

10 

6 

ler s Anemometer at Plymouth 

20 

0 

0 

Stars (Catalogue of) 

40 

0 

0 

Reduction of Meteorokgical Ob 




Water on Iron 

50 

0 

0 

Servations 

30 

0 

0 

Meteorological Observations at 



Meteorolog cal Instruments and 




Inverness 

20 

0 

0 

Gratuit es 

39 

0 

0 

Meteorological Observat ons (re 




Construction of Anemometer at 




duction of) 

25 

0 

0 

Inverness 

56 

12 

2 

Fossil Reptiles 

50 

0 

0 

Magi ttic Cooperation 

10 

8 

10 

Fjrelgn Munoirs 

02 

0 

0 

Mete rol gltdl Recorder for Kcw 




Railway Sections 

38 

1 

6 

Obaeivatory *. 

50 

0 

0 

Forma of Vessels 

193 

12 

0 

Action of Gases on L gilt 

18 

10 

I 

Meteorolog cal Observations at 



Establish) ent it hew Ol^civt 




Plymo th 

55 

0 

0 

tory Wages Repairs Furni 




Magnetical Observations 

01 

18 

8 

j turt an 1 but dues 

133 

4 

7 

Fishes of the Old Red Sandstone 

100 

0 

0 

Txperiments by Captive Balloons 

81 

8 

0 

Tides at Leith 

0 

0 

0 

Ox dation of the Ra Is of Rail vnys 

20 

0 

0 

Ademometer at Ed nburgh 

09 

1 

10 

Publ cat on of Report on Fos il 




Tabulating Observ itiona 

9 

6 

3 

Repults 

40 

0 

0 

Races of Men 

5 

0 

0 

Coloured Dn vings of R Iway 




Radiate Animals 

2 

0 

0 

Sections 

147 

18 

8 

II 

ioT 

n 

Registration of L trthquake 




— 


—— 

— 

Shocks 

30 

0 

0 

1842 




Report on Zoological No nencla 




Dynamometric InatrumcntR 

113 

11 

2 

ture 

10 

0 

0 

Anoplura Britannia 

52 

12 

0 

Uncovering Lover Red Sand* 




Tide* at Rrlstol 

59 

8 

0 

stone near Manchester 

4 

4 

6 

Gases on Light 

30 

14 

7 

Vegetativo Power of Seeds 

5 

3 

8 

Chronometers 

26 

17 

6 

Marine Testacea (Habit* of) 

10 

0 

0 

Marine 7oology 

1 

5 

0 

Marine Zoology 

10 

0 

0 

British Fossil Mnmnalia 

100 

0 

0 

Marine Zoology 

2 

14 

11 

Statistics of Education 

20 

0 

0 

Preparation of Report on British 




Marine Steam vessels Eijnc* 

28 

0 

0 

I ossll Mammalia 

100 

0 

0 

Star* f Histoire C61este) 

59 

0 

0 

Phulologicul Operations of Me* 




Stars (Bur Ahsoc Cat of) 

HO 

0 

0 

dicinal Agent* 

20 

0 

0 

Railway Sections 

161 

10 

0 

Vital Statistics 

30 

5 

8 

British Belemnites 

50 

0 

0 

Additional Experiments on the 




Fossil Reptiles (publication of 




Torms of Vessels 

70 

0 

0 

Report) 

210 

0 

0 

Additional Experiments on the 




Forms of Vessels 

180 

0 

0 

Forms of Vessels 

too 

0 

0 

Galvanic Experiments on Rocks 

5 

8 

6 

Reduction of Experiments on the 




Meteorological Experiments at 




Tonus of Vessel* 

too 

0 

0 

Plymouth 

68 

0 

0 

Morin s Instrument and Constant 




Constant Indicator and Dynamo 




Indicator 

Co ; 

14 

10 

metric Instruments 

90 

0 

0 

Experiments on the Strength of 




Force of Wind 

10 

0 

0 

Materials 

GO 

0 

0 

Light on Growth of Seeds 

8 

0 

0 

£1605 

10 

2 

Vital Statistics 

50 

0 

0 

can 


u 

m 

Vegetative Power of Seeds 

8 

1 11 

1844 




Questions on Human Race 

7 

0 

0 

Meteorological Observations at 




461449 17 

8 

Kingussie and Inverness 

12 

0 

0 

o=ss* 



m 

Completing Observations at Ply- 




1843 




mouth 

35 

0 

0 

Revision of the Nomenclature of 




Magnetic and Meteorological Co- 




Stars 

2 

0 

0 

operation 

25 

8 

4 

Reduction of Stars British Asao 




Publication of the British Asto- 




elation Catalogue 

25 

0 

0 

ciation Catalogue of Stars 

35 

0 

0 

Anomalous Tides, Frith of Forth 

120 

0 

0 

Observations on Tides on the 




Hourly Meteorological Observe- 




East coast of Scotland 100 

0 

0 

tlons at Kingussie and Inverness 

77 IS 

8 

Revision of the Nomenclature of 




Meteorological Observations at 




Stan 1848 

2 

9 

t 

Plymouth •• m* • 

51 

e 

0 

Maintaining the Establishment In 




WbeweU’s Meteorological Auo* 




Kcw Observatory.. , . 117 17 

8 

urometer at Plymouth .. 

12 

0 

0 

Instruments for K«wObservatory 

Id 

r 

a 




GENERAL STATEMENT. 


Influence of Light on Plahts,. 10 

Subterraneous Temperature la 

Ireland .*. 6 

Coloured Drawing* of Railway 

Sections ...,. 15 

Investigation of Fossil Fishes of 
the Lower Tertiary Strata ... 100 
Registering the Shocks of earth¬ 
quakes ..1842 23 

Structure of Fossil Shell* . , 20 

Radlata and K^ollusca of the 
JEgean and Red Seas . .1842 100 
Geographical Distributions of 

Marine Zoology . .1842 10 

Marino Zoology of Devon and 

Cornwull ... . . . 10 

Marine Zoology of Corfu . 10 

Experiments on the Vituhly of 

Seeds .. 9 

Experiment* on the Vitality of 

Seeds .. 1842 8 

Exotic Anoplura .. 15 

Strength of Materials . 100 

Completing Experiments on the 

Form* of Ships. 100 

Inquiries into Asphyxia . 10 

Investigations on the Internal 
Constitution of Metal* . , 50 

Constant Indicator and Morin’* 
Instrument .I..1842 10 


1845. 

Publication of the British Associa¬ 
tion Catalogue of Stars. 351 

Meteorological Observations at 

Inverness. 30 

Magnetic and Meteorological Co¬ 
operation ....... ..16 

Meteorological Instruments at 

Edinburgh. 18 

Reduction of Anemomotrlcal Ob¬ 
servation* at Plymouth ... 25 
Electrical Experiments at Kew 

Observatory .. 43 

Maintaining the Establishment in 

Kew Observatory . 149 

For Kreil’i Barometrograph... .. 25 

Gases from Iron Furnace* . 50 

The Actlnograph .. 15 

Microscopic Structure of Shells 20 

Exotic Anoplura .1843 10 

Vitality of Seed* .1843 2 

Vitality of Seeds .1844 7 

Marino Zoology of Cornwall 10 

Physiological Action of Medicines 20 
Statistic* of Sickness and Mor¬ 
tality In York .. 20 

Earthquake Shocks .1843 15 


^. 18 <*- 
Britleh Association Catalogue of 

* St VL.. 1844 *lt 

Foutl Fishes ef the London Clay lio 


Computation of the Gaussian 

Constants for 1829 . 50 

Maintaining the Establishment at 

Kew Observatory .. . 146 

Strength of Materials . 60 

Researches In Asphyxia . 0 

Examination of Fossil Shell*. 10 

Vitality of Seeds .1844 2 

Vitality of Seeds ..1845 7 

Murine Zoology of Cornwall . ... 10 

Murine Zoology of Britain ... 10 

Exotic Anoplura .. . 1844 25 

Expenses attending Anemometers 11 
Anemometers’' Repairs .. ... 2 

Atmoi-pheiic Waves. 3 

Captive Balloons . 1844 8 

Varieties of the Human Uacc 

1814 7 

Statistics of Sickness and Mor¬ 
tality in York . 12 


1817. 

Computation of the Gaussian 

I Constant* for 1329 . 50 

| lIabfUofMaiincAnini.il* .. 10 

t Physiological Action of Medicines 20 

i Marine Zoology of Cornwall 10 

Atmospheric Waves. 6 

1 Vitality of Seed* ... , , 4 

Maintaining the Establishment at 

Kew Observatory. 107 

1E20B 


14 0 l 1848. 

Maintaining the Establishment at 

18 11 Kew Observatory ... . 171 

Atmospheric Wave* . . .. 3 

16 8 Vitality of Seeds .. 0 

Completion of Catalogues of Star* 70 

II 9 On Colouring Matters . 5 

On Growth of Plants .15 

° ° j627T 

17 8 1849. 

Electncnl Observations at Kew 

15 0 Observatory .. 50 

0 0 Maintaining Establishment at 

0 0 ditto. 76 

0 0 Vitality of Seed* . 5 

0 0 On Growth of riants. 5 

0 0 Registration of Periodical Phe- 

9 7 nomen* . 10 

® ® Bill on account of An emometricat 

0 ° Observation*. 13 

0 ° 

i 4 —® Maintaining the Establishment it 

9 9 Kew Observatory .. J58, 

aBa m * J ? Transit of Earthquake Wave* ... 50 

Periodical Phenomena .. 15 

Meteorological Instruments, 

1$ 0 Atoiqs .. 99 

0 0 1 






































ebpqm—1876 


£ t a 

1851 

Maintaining tl e Establishment at 
Kew O b« t nr atory (Include* part 
of grant in 1849) 309 2 2 

Theory of Heat 20 1 1 

Periodical Phenomena of Animal* 
and Plants ft 0 0 

Vitality of Seed* 5 6 4 

Influence of Solar Rad at on 30 0 0 

Ethnological Inquirie* 12 0 0 

Researches on Annelida 10 0 0 

£391 9 7 


Strickland * Ornithological Syno¬ 
nym* 

Dredg g and Dredging Forms 
Chen i al Act on of Llgl t 
Strength of Iron Plate* 
Registration of Period cal Pl\eno 
me a 

Propagat o of Sal non 


£734 13 


1852 

Main lain ng the Ettabl aliment At 
Kew Observatory (Including 
balance of grant for 1850) 233 1? 8 

Ex per menu on the Conduction 
of Heat 5 2 9 

Influence of Solar Rad atfons SO 0 0 

(leotoglcal Map of Ireland 15 0 0 

Researches on ll e Br tish A ne 

lids 10 0 0 

Vital ty of Seeds 10 6 2 

Strength of Boiler Plates 10 0 0 

£l04 6 7 


1887 

Ma ntain g ll e Establishment at 
Kew Observatory 


350 0 0 


Earti q ako Wave Exper menu 40 0 0 

Dredg ng near Belfast 10 0 0 

Dredg ng on the West Coast of 

Sco land 10 0 0 


1853 

Maintaining the Ettabl ehment at 

K«w Observatory 165 0 0 

Experiment* on tne lnfl cnee of 

Solar Rad atlon 15 0 0 

Researches on the British Anne 
Hda 10 0 0 

Drtdg ng on the La*t Coast of 

Scotland 10 0 0 

Ethnological Uuer es 5 0 0 

£203 0 0 

1654 

Mainlml mg the Fstablts) ment at 
Kew Observatory (Including 
balance of former grant) 310 1ft 4 

tnvestlgat ons on Flax 11 0 0 

Effect* of Temperature on 
Wrought Iro 10 0 0 

Registration of Periodical Phe 

noraena 10 0 0 | 

British Annelida 10 0 0 ! 

Vitality of 8«eda fits' 

Conduction of Heat 4 3 0 

£780 19 7 


1855 — ' | 

Maintaining the Establish nent at 

Kew Observatory 425 0 0 

Earthquake Movements 10 0 0 

Physical Aspect of the Moon 11 8 ft 

Vitality of Seeds JO 7 U 

Map w the World ]0 0 0 

Ethnological Queries 5 0 0 

teetglag near Belfast 4 0 0 

Iff 4 

ISM ‘ 

MitataMpf A* EiUbU«hn>mt at 

l««* 4 Mf 0 01 ... . 0 

m» «mo o of i7i 0 0 1 


Inveg gat o • Into the Mollusca 




of C al fornia 

10 

0 

0 

Fxper merits on Hax 

ft 

0 

0 

Natural H story of Madagascar 

20 

0 

0 

Resea ches on Bn ish Annel da 
Report on Natural Prod cts 1m 

25 

0 

0 

ported into Liverpool 

10 

0 

0 

Art fic al Propagn ion of Sol non 

10 

0 

0 

Terr perature of Mines 

T! rrmometm lor Sul terranean 

7 

8 

0 

Obse vat ons 

5 

7 

4 

L fe Boats 

5 

0 

0 

£507 

13 

4 

1858 




Ma nta n ng the Es al 1 *1 me t at 




Kew Ol sorva ory 

300 

0 

0 

Car hquuke Wave Expcr me s 
Dredgl g on the \\ est Const of 

2ft 

0 

0 

S o land 

10 

0 

0 

Dredgi g near Dubl 

5 

0 

0 

V tat ty of Seeds 

ft 

5 

0 

Dredg ng near Belfast 

18 

u 

s 

Report on the Br Ish Annelida 
Experiment* on the product o i 

2ft 

0 

0 

of Heat by Mot on Fluid* 
Report on the Natural Products 

20 

0 

0 

npo ted nto Scotland 

10 

0 

0 

£618 

jj> 

I 

m* 

1859 




Mnlnta Ing tl e Establishment at 




Kew Observatory 

500 

0 

0 

Dredg ng near Dublin 

15 

0 

0 

Os eology of Birds 

80 

0 

0 

Irl h Tunlcata 

5 

0 

0 

Manure Experiroei ts 

SO 

0 

0 

British Med isldoe 

ft 

0 

0 

Dredg ng Committee 

9 

0 

9 

Steam vessel* Performance 
Marine Fauna of South and West 

5 

0 

6 

of Ireland 

10 

0 

9 

Photographic Chemistry 
Lanarkshire Fossils 

10 

30 

6 

0 

0 

t 

Balloon Ascent* 

39 

n 

0 

£684 

11 

1 

I860 




MalnUhring the Establishment 




of Kew Observatory 

m 

6 

* 

Dredg ng near Belfast 

16 

6 

0 

Dredging In Dublin Ray 

15 

0 

0 



GtNKRAL STATBMXNT, 


lxiii 


X #. d. 

tiitiairy into tht Performadee of 

Steam-vessels .......... 124 0 0 

Explorations in the Yellow Sand¬ 
stone of Dura Den......... SO 0 0 

Chemico-mechanical Analysis of 

Hocks and Minerals..... 95 0 0 

Researches pn the Growth of 

Plants... 10 0 0 

Researches on the Solubility of 

Salta. 30 0 0 

Researches on the Constituents 

of Manures............ ........... 25 0 0 

Balance of Cap tire Balloon Ac¬ 
counts. 1 13 6 

£1941 7 0 

1861 _ ' 
Maintaining the Establishment 

of Kew Observatory. 300 0 0 

Earthquake Experiments. 25 0 0 


Dredging North and East Coasts 

of Scotland... 23 0 0 

Dredging Committee'— 

1800 .:X50 0 01 0 0 

1881 . £22 0 0J 73 0 0 

Excavations at Dura Den 20 0 0 

Solubility of Salts. 20 0 0 

Steam-vessel Performance . J50 0 0 


Fossils of Lesmahago ,L ...... 15 0 0 

Explorations at Urlconlum . 20 0 0 

Chemical Alloy* . 20 0 0 

Classified Index to the Transac¬ 


tions ... *. 100 0 0 

Dredging In the Mersey and Dee 5 0 0 

Dip Circle. 30 0 0 

Photoheltographlc Observations 50 0 0 

Prison Diet . 20 0 0 

Gauging of Water. .. 10 0 0 

Alpine Ascents... 6 5 1 

Constituents of Manures .. 25 0 0 

* £ 1111 5 10 

1862* 

Maintaining the Establishment 

of Kew Observatory .. 600 0 0 

Patent Laws. 21 6 0 

Molluscs of N.-W. America. 10 0 0 

Natural History*by Mercantile 

Marine . 5 0 0 

Tidal Observations . 25 0 0 

Photohellometcr at Kew . 40 6 0 

Photographic Pictures of the Sun 150 0 0 

Rocks of Donegal.. 25 0 0 

Dredging Durham amf North¬ 
umberland.. 25 0 0 

Connexion of Storms..^ 10 0 0 

Dredging North-east Cooat of 

Scotland... 6 9 6 

Ravages or Teredo . I 11 0 

Standards of Electrical Resistance 50 0 0 

Railway Accidents . 10 0 0 

BaBOenCommute* . ... 100 0 6 

Dredging Dublin Bay . 10 0 0 

Dredging the Mersey . 5 9 0 

Prison Diet .. 99 • t 

. . It |« « 


Steamships' Performsnce 
Thermo-Electric Currents 


£ s & 
.. 130 0 0 

.. 10 0 

xrs»» 10 6 


1855. 

Maintaining the Establishment 
of Kew Observatory . . GOO 
Balloon Committee deficiency,.. 70 
Balloon Ascents (other expenses) 25 

Entoaoa... ... . 25 

Coal Fossils . 20 

Herrings. . . . ... 20 

Granites of Donegal . 5 

Prison Diet. 20 

Vertical Atmospheric Movements 13 
Dredging Shetland 50 

Dredging North-east coast of 

Scotland . 25 

Dredging Northumberland and 
Durham . ..... 17 

Dredging Committee superin¬ 
tendence .... .*. 10 

Stesraship Performance .. . 100 

Balloon Committee > 200 

Carbon under pressure 10 

Volcanic Temperature . . 100 

Bromide of Ammonium ... 8 

Electrical Standards .. 100 

—— Construction and distribu¬ 


tion , . 40 0 0 

Luminous Meteors .17 0 0 

hew Additional Buddings for 
Photohellograph .... 100 0 0 

Thermo-Electricity .. .. i» 15 0 0 

Analysis of Rocks . 8 0 0 

Hydroids .. ... 10 0 0 


1864, T 
Maintaining the Establishment 

of Kew Observatory. 600 0 0 

Coal Fossils . 20 0 0 

Vertical Atmospherio Move* 

menu £0 0 8 

Dredging Shetland . ... 75 0 0 

Dredging Northumberland , . 25 0 0 

Balloon Committee... 200 0 0 

Carbon underpressure. 10 0 # 0 

Standards of Electric Resistance 100 0 9 

Analysis of Rocks. 10 0 0 

Hydroida 10 0 0 

Ask ham's Gift . 60 0 0 

Nitrite of Amyle. 10 0 0 

Nomenclature Committee . 5 9 0 

Rain-Gauges. 19 26 $ 

Cast-Iron Investigation 20 9 0 

Tidal Observations in the Htxmber 59 0 9 

Spectral Rays. 45 9 0 

Latdnoas Meteors . 20 0 0 

£ 1289 15~“8 

1865. “ ri ;T 

MaDnahdfcft the EitabUahvaat 

. of Kew Obeenttsty*. 950 0 9 

BaJftxm Committee • Mli.mM.Mi 1 159 9 9 

. is • s 





















































REPORT— 1876 


£ 

Rain-Gauges 30 

Tidal Observations in the Humber G 
Hexylle Compounds 20 

Amyl Compound* 20 

Irish Flora 25 

American Moll us ca 3 

Organic Acids 20 

Lingula Flags Excavation 10 

Eurypterus 50 

Electrical Stan lards 100 

Malta Caves Researches 30 

Oyster Breeding 2 j 

Gibraltar Caves Researches 150 

Kent s Hole J xcavations 100 

Moon $ Surface Observations 3 j 
M anne Fauna 2 j 

Dredging Aberdeenshire 25 

Dredgi ig Channel Islands 50 

Zoological Nomenclature 5 

Resistance of Moating Bodies in 
Water 100 

Hath Water* Analys s 8 

I ummous Meteors 40 


*1j!H 7 10 


186G 

Maihta mng the Establishment 
of Kcw Observatory GOO 

J unar Committee 64 

Balloon Committee 50 

Metrical Committee 50 

British Rainfall >0 

Kilkenny Coal Fields 16 

Alum Bay Fossil Leaf Bed 1 j 

I ummous Meteors 50 

Lingula Flags Excavation 20 

Chemical Constitution of Cast 
Iron 50 

Amyl Compounds 25 

Electrical Standards 100 

Malta Caves Lxploration 30 

Kent a Hole Exploration 200 

Marine Fauna Ac, Devon and 
Cornwall 25 

Dredging Aberdeenshire Coast 25 
Dredging Hebrides Coast 50 

Dredging the Mersey o 

Resistance of Floating Bodies in 
Water 50 

Polyeyamdes of Organic Radi 
<ils 20 

Rigor Mortis 10 

Irish Annelida 15 

Catalogue of Crania 50 

DnKne Birds of Mascarene Islands 50 
Typical Crania Researches SO 

Palestine Exploration Fund 100 

£1750 

* i 1867 

Mainlining the Establishment 
of Kew Observatory 600 

Meteorological Instruments, Pa* 
lestis« .« >i 50 

Xuuar Committee 120 


Metrical Committee 30 

Kent s Hole Explorations 100 

Palestine Explorations • 50 

Insect Fauna Palestine 30 

British Rainfall 50 

Kilkenny Coal Fields 25 

A1 lm Bay Fossil Leaf Bed 25 

Luminous Meteors 50 

Bournemouth Ac I eaf Beds 30 

Drc l„i ig Shetland 75 

Steamship Reports Condensation 100 
Electi cal StanlarU 100 

1 thyle an 1 Bethylc senes 25 

Fossil Ctustacca 25 

So il underwater 24 

North ( icenlau l Fauna 75 

Do 1 lant Beds 100 

Iron an 1 Steel Manufacture 25 

I atent 1 rnvs 30 


18C8 

Ma ntai nng tie 1 aabluhment 
(f Kew Observatory 
I unar Committee 
Metr cal Committee 
Zoological Record 
Kent a Hole Lvflorations 
Steamship Performances 
Hr t *h Rainfall 
Luminous Meteors 
Organic Acids 
Fossil Crustacea 
Mctl )l scries 
Mercury an 1 Bile 
Organ c remains i i Limestone 
Rocks 

Scottish F arthquake* 

1 auna Devon and Cornwall 
Bnt sh Fossil Corals 
Bagsliot 1 eaf beds 
Greenland Explorations 
Fossil F lora 
Tidal Observations 
Underground Temperature 
Spectroscopic investigation! of 
Animal Substance! ^ 
Secondary Reptiles Ac 
British Marine Jmcrtebrate 
Fauna 


1869 

Maintaining the Establishment 
of Kew Observatory 
I unar Committee 
Metrical Committee 
Zoological Record 
Committee on Cues in Deep- 
well Water 
British Rainfall 

Thermal Conductivity of Iron, 
Ac 

Kent a Hole Explorations 
Steamship Performances 



GENERAL STATEMENT 




Chemical Constitution of Cut 

£ 

9 

rf 

Iron 

80 

0 

0 

Iron and Steel Manufacture 

100 

0 

0 

Methyl Series 

Organic remain* in Limestone 
Rocks 

30 

0 

0 

10 

0 

0 

Earthquakes in Scotland 

10 

0 

0 

Butiah Fossil Corals 

50 

0 

0 

Bagthot Leaf Beds 

30 

0 

0 

Fossil Flora 

25 

0 

0 

Tidal Observations 

100 

0 

0 

Undergiouml Temperature 
Spectroscopic Investigations of 

30 

0 

0 

Animal Substances 

5 

0 

0 

Organic Acids 

12 

0 

0 

Kiltorcan bus Is 

Chemical Constitution and PM 

20 

0 

0 

Biological Vttion Relations 

15 

0 

0 

Mountain I imestoue Fossils 

25 

0 

0 

Utilization of Sewage 

10 

0 

0 

Products of L> g stion 

10 

0 

0 

*1622 

1870 

Mamtainnig the Bst ahhshment of 

0 

0 

Kew Observatoiv 

COO 

0 

0 

Metrical Committee 

2o 

0 

0 

Zoological Record 

100 

0 

0 

Committee on Marine Fnima 

20 

0 

0 

1 ara in Fishes 

10 

0 

0 

Chemical nature of Cast Iron 

80 

0 

0 

I ununous Meteors 

30 

0 

0 

Heat in the Blood 

15 

0 

0 

British Rainfall 

100 

0 

0 

Thermal Conductivity of Iron At 

20 

0 

0 

British Fossil Coials 

50 

0 

0 

Kent s Hole Explorations 

150 

0 

0 

Scottish Earthquakes 

4 

0 

0 

BHgshot I eaf Beds 

15 

0 

0 

Fossil 1 lora 

25 

0 

0 

Tidal Observations 

100 

0 

0 

Underground Temperature 

50 

0 

0 

KUtorcan Quarries Fossils 

20 

0 

0 

Mountain Limestone Iosuls 

2 o 

0 

0 

Utilisation of bewagr 

50 

0 

0 

Organic Chemical Compoun Is 

30 

0 

0 

Onnv Kiut buhment 

3 

0 

0 

Mechanical Lqmvalcnt of Heat 

50 

0 

0 

*1572 

o” 

“o 


1871 


Maintaining; the Lstabhshmcnt of 
Kcw Obici\atoi\ COO 0 0 

Monthly Reports of Piognss in 


Chemistry 

100 

0 

0 

Metrical Committee 

25 

0 

b 

Zoological Record 

Thermal Equivalents of the 

100 

0 

0 

Oxides of Chlorine 

10 

0 

0 

Tidal Ohsei rations 

100 

0 

0 

1 ossil Dora 

2o 

0 

0 



X 

# 


r uminous Meteors 

30 

0 

0 

British Fossil Corals 

2 j 

0 

0 

Heat in the Bhod 

7 

2 

0 

British Rainfall 

50 

0 

0 

Kent s Hole Explorations 

loO 

0 

0 

Fossil Crustacea 

2i 

0 

0 

Methyl Compounds 

2o 

0 

0 

Lunar Objects 

20 

0 

0 

Fossil Corals Sections for 1 ho 
tographmg 

w0 

0 

n 

Bagshot Leaf Beds 

20 

u 

0 

Moab 1 \plorations 

100 

0 

0 

Gaussian Constants 

10 

0 

0 

*1472 

2 

0 

1872 

Maintaining the Establishment of 
hew Obsci vatoiy 

300 

0 

0 

Metrical Comm ttic 

7 > 

0 

0 

ZoologK al lleooul 

100 

0 

0 

Tidal Committee 

200 

0 

0 

Carboniferous f orals 

2j 

0 

0 

Organic Churned Ci up ui «h 

25 

0 

0 

Exploration of Moab 

100 

0 

0 

Ttrato rmluyological li j men 

10 

0 

0 

Kents Cavern Fxplorat m 

100 

0 

0 

Luminous Mctcots 

.0 

0 

0 

Heat in the Blood 

1) 

0 

0 

FobsiI Crustacea 

2j 

0 

0 

Foss 1 Elephants of Malta 

2 > 

0 

0 

Lunar Objects 

20 

0 

0 

IintiscWave Tengths 

20 

0 

0 

British Rainfall 

100 

0 

0 

1 oisonous bubstances Antago 
msm 

10 

0 

0 

Tsscntal Oils, Clicmit al Consti 
tntion t Ac 

40 

0 

0 

Mathematical Td les 

o0 

0 

0 

Thermal Conductivity of Metals 


0 

0 

A128> 

0 

0 

1873 

Zoological BlcohI 

100 

0 

0 

C hcmistrv llecmd 

200 

0 

0 

Tidal Committee 

too 

0 

0 

bewage Committee 

100 

0 

0 

Kent 6 Cavern Exploiali n 

15J 

0 

0 

( urbonifcrous Ci tals 

2) 

0 

0 

Fossil Elephants 

2* 

0 

0 

\\ avc-I engths 

150 

0 

0 

British Rainfall 

100 

0 

0 

Lssential Oils 

30 

0 

0 

Mathematical Tables 

100 

0 

0 

Gaussian Constants 

10 

0 

0 

Sub Wcaldcn explorations 

25 

0 

0 

Underground Temperature 

150 

0 

0 

Settle Cave Exploration 

50 

0 

0 

Fossil Flora, Ireland 

20 

0 

0 

Timber Dcnndati n and Rainfall 

20 

0 

ft 

Luminous Meteors 30 

0 

0 


0 

ft 



Ixvi 


hepout— 1876 , 


A d 

1874 


Zoological Record 

100 

0 

0 

Chemistry Record 

1(X) 

0 

0 

Mathematical Table# 

loo 

t) 

0 

Elliptic Function# 

100 

0 

0 

Lightning Conductors 

It) 

0 

0 

Thermal Conductivity of Rock# 
Anthropological Instructions 

10 

0 

0 

Ac 

50 

0 

0 

Kent b Cavern Exploration 

1 JO 

0 

0 

I uminouB Meteors 

JO 

0 

0 

Intestinal Secretions 

15 

0 

0 

British Rainfall 

100 

0 

0 

JCaeentml Oils 

10 

0 

0 

Sub Weolden Explorations 

1 ) 

0 

0 

bottle Cave Exploration 
Mauritius Meteorological Re 

»0 

0 

0 

search 

100 

0 

0 

Magnotizalic n of Iron 


0 

0 

Marine Organisms 

no 

0 

0 

Fwmlfl ^orth west _>f S( jtlnnd 

2 

10 

0 

PhymologiCtd Action of Light 
Tradea Unions 

20 
2» 

0 

0 

0 

0 

Mountain I lmcatono Corals 

2> 

0 

0 

Erratic Blocks 

Dredging Duilrnm and \ork 

10 

0 

0 

shire Coasts 

28 

5 

0 

High temperature of Bodies 

U) 

0 

0 

8 emeus n Tyrotnctc r 
] ahyr ntlio fonts of C ml Mea 

\ 

0 

0 

sures 

7 

15 

0 

i.1151 

i! 

~0 

1875 




Elliptic Eunctioni 

ion 

0 

0 

Magnetisation of Iron 

20 

0 

0 

British Raintall 

120 

0 

0 

T uminouB Meteor* 

10 

0 

0 

Chemistry Record 

Specific Volume of Liquids 
Estimation of Potash and Phos 

100 

0 

0 

2 r > 

0 

0 
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General Meetings* 

On Wednesday, September 0, at 8 mi , in tho Garden Palace, Botanic 
GaidoiiH, Sir John Hawkshaw, C E., F R.H., F G.S., President, resigned the 
office of President to Professor Thomas Andrews, M D,, LL D , F It ft , who 
took the Chair, and delivered an Address, for which seo page Ixvin 

On Thursday, September 7, at 8 r m., two Soirees took place, ono in tho 
jR<»Val Exchange, the other in tho Corporation Galleries 

On Friday, September 8, nt 8 80 tm, in the Garden Palace, Botumo 
Gardens, Professor Tait, F USE, delivered a Discourse on “ Force.” 

On Saturday, September 0, at 0 p m , tn the City Hall, Commander 
Cameron, It N , 0 B , delivered a Lecture, on “A Journey through Africa,” 
to the Working Classes of Glasgow. 

On Monday, September 11, at 8 80 pm, in the Garden Palace, Botanic 
Gardens, Professor Wyvillo Thomson, LL.D , F It S , delivered a Discourse 
on “ Tho ‘■Challenger’ Expedition/’ 

On Tuesday, September 12, at. S r m , a Some took place m the Garden 
Pnlaco, Botanic Gardens 

On Wednesday, September 18, nl 2 80 i*,m , tlie coneluding G< lurul Meeting 
took place, when the Proceedings of the Grnerul Committee, and tho Grunts 
of Money for Scientific purposes, wore cxplumcd to the Membeis 

The Meeting v\os then adjourned to Pljmouth*. 


* The Meeting Ip appointed to take place on Wednesday, August lft, 
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THOMAS ANDREWS, M.D., LL.D., 

F R.S., Hov F.R S.E., Etc. 

PRESIDENT 


Sr* and thirty join’s have passed over smoo tho British Association for the 
Advancement of Science held its tenth meeting m this ancient city, and 
twenty-one ycais have elapsed smeo it last ussemblod here. The representa¬ 
tives of two great Scottish families presided on these occasions ; and thoso who 
had tho advantage of he ring the address of tho Duke of Argvll in 
will recall the gratification they enjoyed whilo listening to the thoughtful 
sentiments which 1 diet ted a mind of rare cultivation nml varied acquire¬ 
ments, On the present occasion I have undertaken, not without anxict), 
the duty of filling an office at first accepted by one whom Scotland and the 
Association would alike have rejoiced to see in this Chair, not onlj as a 
tribute to his own scientific sen ices, but also as recognizing m him the 
worthy representative of that long line of able mon who have upheld tho 
preeminent position attained by tho Scottish schools of medicine in tho middle 
of the last century, when tho mantlo of JLeihaavo fill upon Monro and 
Cullen. 

The task of addressing this Association, always a difficult one, is not ren¬ 
dered easier when tho meeting is held m a place winch piesents the rare 
combination of being at once an ancient seat of learning and a great centre 
of modem industry Time will not permit mo to refer to the distinguished 
men who in earl) du)s ha\c left here their mark behind them; and I regret 
it the more, as there is a growing tendcnc) to exaggerate tho value of later 
discoveries and to underrate the achiovcmouts of thoso who havo lived before 
us* Confining our attention to a period reaching buck to little more than a 
century, it appears that during that time three new sciences arose, at least 
as far aa any science can be suid to have a distinct origin, in this city of 
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Glasgow—] \puimuiiitl Clinuifetr^, Political 1 annum, md Mahimcal 
I ngmCenng It is now conceded that Black 1 ud the fonnduin n of modern 
chemistry and no one has c'vcr disputed the cl urns of \dnn ^nnlh and of 
Yiatt to having not onl> founded, but luigdy built up, the tw o great 1 1 inches 
of knowledge with which then names will alwnjs be msepar il 1\ connected 
It wib here th it I)i Ihomas Ihomson establisln d tin hist s hool of Pi ictical 
(liennstiy in Great Bnlmn, and that Sn W Hooker gave to tbo chun of 
But my a Vuropean celt hint) it was hoio that (i rah am discovered the law 
(f gaseous diffusion and tin piopertus of p< lebasic tuids it was lit n that 
Minimise and \udeison, Itankmc ind T Ihomson mml< some of tlicu finest 
discoveries and it was lieie tint Sr William lhomhon cmducUd his 
ph>sieo milhematu il imistigati ns, and minded thoso cxqmmte matru- 
m( nln, vnlu il lo dike hr oct m tilegiaphy and foi scientific use, which uie 
among the finest tiopbu s <. t recent science £soi nuiRt the names of 1 innnnt, 
Mackintosh, Neilson, Walter (rum \oung, and ^ ipiei ho omitted, who, 
wnth many othcis in this place luvo made laigo and vnhublt additions to 
piacticul Hcience 

Jhi safe icturn of the Challenger altu an absence ot tincc and a half 
jtais, is a subject ot general t< ngiatulaticm Our knowledg ot the \arnd 
foims of animal life, and of the iemams of animal life, which occur, it is now 
known, our lmgn trnctH of the lied of the occ m is chioffy elcnu d from the 
observations made in the 4 Challenger 1 and m the previous deep-sc x cvpcdi 
lions which were oignni/cd by ^ir Wyvillc Ihomson and ])r (arptntei 
Ihe phjsiuil obscnatioiiH, and especially tin hi on the tempuatuie of the 
ocean, which wcu systcmain ally eonelucteel throughout the whole voyage of 
the ‘ C hullengcr/ ha\o alieady supplied valuabli data for the lesolution of 
tho great question of ocean-currents Upon this question, winch has been 

discussed with singular ability, hut under different aspects, by J)r Carpenter 
and Mr Cioll I cannot attempt lure to entti , noi wdl I future tofoicstall, 
by any eiude analysis of my own, tho narrative which bir W Ihomson has 
kind]) widutukcn to give of hia own achicumcnts and ot those of his staff 
dunng then long scientific crui&c. 

Another expedition, which has more thon fulfilled tho expectations of tho 
public, is 1 leutcnnnt (nmexon’s remarkable journey across tho continent of 
Africa It is by such enterprises, happili conceived and ably executed, that 
we maj hopo at no distant day to see the Arab slave-dealer replaced by the 
legitimate trader, and the depressed populations ot Africa gradually brought 
within the pale of civilised life 

From the North Polar Expedition no intelligence has been lcccived, 1 oi 
can wo expect for some time to hoar whether it has succeeded in the crown¬ 
ing object of Arctic enterprise In tho opinion of many, tho results, scientific 
or other, to he gamed by a full survey of the Arctic regions can nevor be of 
such value ns to justify the usk and cost which must be incurred. But it ia 
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not by cold calculations of this kind that groat discoveries are made or great 
enterprises achieved. There is an inward and irrepressible impulse—m indi¬ 
viduals called a spirit of adventure, in nations a spirit of ontorpnse—which 
impels mankind forward to explore every part of the world wo inhabit, 
however inhospitable or difficult of access, and if the country'claiming the 
foremost place among man time nations shrink from an undertaking because 
it is perilous, other countries will not bo slow to seize the post of honour. If 
it bo possiblo tor man to reach the poles of tho earth, whetbor north or south, 
the feat must sooner or later be accomplished, and the country of tho success¬ 
ful adventurers will bo thereby raised in the scale of nations. 

Tho passugo of Venus ovei tho sun’s disk is an event which cannot be 
passed over without notice, although many of tho circumstances conuoctcd 
with it huvo alrcudy beeorno historical. It was to observe this rare astro¬ 
nomical phenomenon, on the occasion of its former occurrence in 1761), that 
Captain Cook’s memorable voyogo to the Pacific was undertaken, in tho 
course of which ho explored tho coast of Now South Wales, and added that 
gicat country to the possessions of tho British Crown 

As the transit oi Venus gives tho most exact method of calculating the 
distance of tho earth from the sun, extensive pieparations were mado on the 
last occasion for observing it at selected stations—from Siberia in northern, 
to Kerguelen’s Land in southern latitudes. Tho great maritime powers vied 
with each other to turn tho oppoitumty to tho best account, and Lord 
Lindsay hud tho spirit to equip, at his own expense, tho most complete ex¬ 
pedition which loft tho shores of this country. Home of tho most valuable 
stations in southern latitudes wore desert islands, lardy free from mist or 
tempest, and without haxhours or shelter of any kind. The landing of tho 
instruments was in many coses attended with great difficulty and oven per¬ 
sonal risk. Photography lent its aid to record automatically the progress of 
the transit, and M JanBsen contrived a revolving plate, by means of which 
from fifty to sixty images of the edge of tho sun could be taken at short 
intervals duiing the critical periods of tho phenomenon. 

Tho observations of M Janssen at Nagasaki, in Japan, wero of special 
interest Looking through a violct-bluo glass ho saw Venus, two or three 
minutes before the transit began, having the appearance of a pale round spot 
near the edge of the sun. Immediately after contact tho segment of the 
planet’s disk, as seen on tho face of tho sun, formed with what remained of 
this spot a complete circle. The palo spot when first soen was, in short, a 
partial eclipse of the solar corona, which was thus proved beyond dispute to 
bo a luminous atmosphero surrounding the sun. Indications were at tho 
same time obtained of the existence of an atmosphere around Venus. 

Tho mean distance of tho earth from the sun was long supposed to have 
been fixed within a very small limit of error at about 96,000,000 miles. 
The accuracy of this number had already been caHed in question on theo- 
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roUoal grounds by Hansen and Lovcmer, when Foucault, in 180:2, decided 
the question by an experiment of extraordinary delicacy. Taking advantago 
of the revolving-mirror, with which Wheatstone had some timo beforo 
enriched the physical sciences, Foucault succeeded in measuring tho absolute 
velocity of light m space by experiments on a beam of light, reflected 
backwards and foiwards, within a tube little more than thirteen feet in 
length. Combining tho result thus obtained with what is called by astrono¬ 
mers tho constant of aberration, Foucault calculated tho distancoof the earth 
from tho buu, aud found it to be one thirtieth part, or about 3,000,000 miles, 
less than +ho commonly received number. This conclusion has lately been 
confix med by M Cornu, from a new determination ho bus made of the 
'velocity of light according to the method of Fueau, and m complete accord¬ 
ance with these results aro tho investigations of Lcvemer, founded on a 
comparison with theory of tho observed motions of tho sun and of tho 
planets Venus and Mars It remains to bo Been whether tho rocont obser¬ 
vations of the transit of Venus, when reduced, will bo sufficiently concordant 
to fix with oven greater precision the tiuo distance of tho euith trom tho 
sun. 

In tins bnof leferencc to ono of tho finest results of modern science, 
I havo mentioned a great name whose loss England has recently had to 
deploro, and in connexion with it the name of un illustrious physicist whoso 
premature doath deprived France, a few years ago, of ono of her blightest 
ornaments—Wheatstone and Foucault, over to bo remembered for their 
marvellous power of eliciting, like Galileo and Newton, from familiar 
phenomena the highest truths of nature } 

The discovery of Huggins that some of tho fixed stars nro moving to¬ 
wards and others receding fiom our sjstcm, has been fully confirmed by 
a careful senes of observations lately mado by Mr. Christie in the Observa¬ 
tory of Groenwich. Mr Huggins lias not been able to discover any indications 
of a proper motioD m tho ncbuloo, but this may arise from tho motion of 
translation being less than the method would discover. Few achievements 
in tho history of science aro moro wonderful than tho measurement of tho 
proper motions of the fixed stars, from observing tho relative position of tw f p 
delicate linos of light in the field of the telescope. 

Tho observation of the American astronomer Young, thut bright lines, 
corresponding to tho ordinary lines of Fraunhofer reversed, may bo seen in 
the lower strata of tho solar atmosphere for a few moments during a total 
cclipso, has been confirmed by Mr Stone, on the occasion of the total eclipse 
of the sun which ocourred some time ago m South Africa. In tho outer 
corona, or higher regions of the sun's atmosphere, a single green line only 
was aeon, the same which had been already desonbed by Young 
I oan hero refer only in general terms to the observations of Iloscoo and 
Schuster on tho absorption-bands of potassium and sodium, and to the in- 
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vestigationa of Lockyor on the alsoipihc powors of metallic and metulloidal 
vapours at different temperatures. From tho vopour of calcium the latter 
lias obtained two wholly distinct spectra, one belonging to a low, and tho 
other to a high tempera lure. Mr Lockjcr is also engaged on a now and 
greatly extended map of the solar spectrum. 

Spcctium analysis him lately led to tho discovciy of a new mctul—gallium 
— tho fifth whose presence has been first indicated by that powerful agent. 
This diseoxei) is due to M Lecoq do Boibbaudran, already favourably know n 
by a work on tho application of tlio spectroscope to chemical analysis. 

Our knowledge of ueiolitcs has of late years been gieutly increased , and I 
cannot occupy n few momenta of youi time more usefully than b) bnofty 
jeftning to the subject So recent 1) as 1800 tho most remarkable meteoric 
fall on record, not even excepting that of L’Aigle, occurred near the villago of 
New Concord in Ohio On n day when no thuuder-clouds w r erc visible, loud 
sounds were hoard resembling claps of thunder, followed by a large fall of 
meteouc stones, some of which were distinctly seen to stnke the earth Qno 
stone, above 50 pounds in weight, buried itself to tho depth of two feet in 
the ground, and when dug out was found to be Btill warm. In 1872 another 
remarkable meteorite, at fiist seen us a brilliant star with a luminous train, 
burst near Oivimo in Hah, and six fragments of it were afterwards collected. 

Isolated huifms of metallic iron, or rather of on alloy of non and nickel, 
similar in composition and properties to the iron usually diffused in 
inetoonc stones, have been found here and there on the surfaco of tho 
earth, some of huge size, as one described by Pallas, which weighed about 
two thirds of a ion Of tho meteoric origin of these masses of iron thero 
is little room foi doubt, although no lccord exists of their fall. Sir Edward 
Sabine, whose lifo has been devoted with rare fidelity to tho pursuit of 
scienoe, and to whose untiring effort* this Association largely owes tho 
position it dow occupies, was the pioneer of tho newer discoveries in meteoric 
science Eight and fifty jcoib ago he visited with Captain Hoes tho northern 
shores of Baffin’s Bay, oud mado tho interesting discovery tbut tho kmfo- 
bladcs used by the Esquimuux in tho vicinity of tho Arctic highlands were 
formed of meteoric iron. This observation was afterwards fully confirmed ; 
and scattered blocks of meteoric iron havo bcen*fouud from time to time 
around Baffin’s Bay. But it was not till 1870 that tho meteoric treasures 
of BafBn’b Buy were truly discovered. In thnt year Nordenskiold found, at 
a part of the shore difficult of approach even m modorato weather, enor¬ 
mous blocks of meteoric non, the largest weighing nearly twenty tons, im¬ 
bedded in a ndge of basaltic rock, The interest of this observation is greatly 
enhanced by the cireumstanco that these mosses of meteoric iron, like tho 
basalt with which they pro associated, do not belong to tho present geologi- 
fal epoch, but must have fallen long beforo the actual arrangement of land 
and sea existed,— during* in short, tho-middle Tertiary, or Miocono period of 
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Lyell, The meteoric origin of these iron masses from Ovifnk Ims been 
called in question by Lawrence Smith, and it is no doubt possible that they 
may have been raised by upheaval from the interior of the otutli I li.ivo 
indeed myself shown by a magneto-chemical procoss that metallic iron, in 
particles so fine that they have never yet been actually seen, is everywhere 
diffused through the Miocene busalt of Slicvc Mish in Antrim, and limy 
likewise be discovered by careful search in almost all igneous and in many 
metumorjihic ro^ks These observations have since been verified by Rouss m 
the case of Iho Bohemian basalts. But, as regards tin' native iron of Ovifak, 
the weight of evidence appears to bo m fuvoui of the conclusion, at which M. 
Daubree, after a enrcfnl discussion of the subject, has nmved—that it is 
ically of meteoric oiigni, Thu Ovifak non is also lcmarkable from con¬ 
taining a cousidemho amount of carbon, paill) combined with the iron, 
partly diffused through the metallic mass in a form resembling coke. In 
connexion with this Mibjoct, I must refer to tho able and exhaustive memoirs 
of Maskelyno on (lie Dusti and other aeiohtcs, to tho discovery of vanadium 
by R. Apjohn m a meteoric iron, to tho interesting obseirations of Rorby, 
and to the rcscarihes of Laubreo, Wohlci, Lawrcnco Rmith, Tschernmk, and 
others. 

Tho important services which tho TCow Obsorvaiory has lcndcrod to 
meteorology and to solar physics have boon fully recognized , and Mr Gussiot 
has had the gratification of witnessing tho final success of his long and 
noble efforts to place this observatory upon a permanent footing. A phy¬ 
sical observatory for somewhat simiiru objects, but on a largor scale, is in 
course of erection, under the guidance of M. Janssen, at Fontenay in Fiance, 
and others are spunging up or olioady exist in Geimany and Italy It is 
earnestly to bo hoped that this country will not lag behind m providing 
physical observatories on a scale worthy of the nation und commcnsuiuto 
with tho importance of tho object On tins question I cannot do better 
than refer to tho lngh authorily of l)r Balfour Stewart, and to the views ho 
expressed in his able address last year to the Physical Rodion. 

Weather tolegraphy, or the reporting by telegraph the state of tho weather 
at selected stations to a control office, so that uotico of tho probablo approach 
of storms may be given to the seaports, has beeomo in this country an 
organized system ; and considering the little progress meteorology has mado 
os a science, tho results may bo considered to be on tho wholo satisfactory. Of 
tho warnings issued of lute years, four out of fivo were justified by tho 
ocourrcnco of gales or strorigwmds. Few storms occunod for which no 
warnings had boon given ; but unfortunately among those were some of the 
heaviest gales of the ponod. The stations from which daily reports are sent 
to tho meteorological office in London embrace the wholo coast of Western 
Europe, indudmg the Shetland Isles. It appears that atmospheric disturb¬ 
ances seldom cross tho Atlantic without being greatly altered in character, 
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^nd that the origin of moat of our atoms lies oastward of the longitude of 
Newfoundland. 

As regards the velocity of the wind, the cup-anemometer of Dr. Robinson 
has fully realized the expectations of its discoverer, and the venerable 
astronomer of Armagh has been ongaged during the post summer, with all 
the ardour of youth, in a course oflabonous experiments to determine the 
oonstants of his instrument. Prom seven years’ observations at the Observa¬ 
tory of Armagh, lie has found that tho mean velocity of the wind is 
greatest in tho S.S.W octant and least m tho opposite one, and that tho 
amount of wind attains a maximum m January, aftor which it steadily 
decreases, with one slight exception, till July, augmenting again till tho end 
of the jear 

Passing to tho subject of olootnnty, it is with pleasure that I have to 
annouuco tho failure of a recent attempt to dcpnvo Oorstodt of his great 
discovery. It is gratifying thus to tiud high reputations vindicated, and 
names which till men love to honour transmitted with undiminished lustre 
to posterity. At a former meeting of this Association, remarkable for an 
unusual attendance of distinguished foreigners, tho central figure was 
Oerstedfc. On that occasion Sir John Herschel in glowing language compared 
Ooratedt’s discovery to the blessed dow of heaven which only the master¬ 
mind could draw down, but which it was for others to turn to account and 
use for tho fertilization of the earth. To Franklin, Volta, Coulomb, Oorstedt, 
Araptre, Faraday, Seebeck, and Ohm aro duo tho fundamental discoveries of 
modem electricity—a science W'hoso applications in Davy s hands led to 
grander rosults than alchemist ever dreamed of, and in the hands of others 
(among whom Wheatstone, Morse, and Thomson oooupy the foremost place) to 
the marvels of the electric telegraph. When wo proocod from the actual 
phenomena of electricity to tho molecular conditions upon which those 
phenomena depond, wo aro confronted with questions as recondite as any 
with which the physicist has had to deal, but towards the solution of which 
the researches of Faraday havo contributed the most precious materials* The 
theory of eleotneal and magnetic action occupied formerly tho powerful mipds 
of Poisson, Greon, and Gauss; and among the living it will surely not bo 
invidious to cite the names of Weber, Helmholtz, Thomson, and Clerk Max- 
well* Tho work of the latter on electricity is an original essay worthy in 
every way of the great reputation and of the dear and far-seeing intellect 
of its author* 

Among recent investigations I must refer to Professor Tait’s discovery of 
consecutive neutral points in certain thermo-electric junctions, for which he 
was lately awarded tho Keith prize. This discovery has been'the result of 
an elaborate investigation of the properties of thermo-electric currents, and 
fa specially interesting in reference to the theory of dynamical electricity, 
liar can t otait to mention the very interesting and original experiments of 
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Dr. Ken on the dielectric state, from which it appeal’s that when electricity 
of high tension is passed through dielectrics, a change of molecular arrange¬ 
ment occurs, slowly in the caso of solids, quickly iu the case of liquids, and 
that the lines of electric force are in some cases lines of compression, in 
other casee lines of extension. 

Of the many discoveries in physical science due to Sir William Grove, 
the earliest and not tho least important is the battery which bears lna name, 
and is to this day tho most powerful of all voltaic arrangements; but with a 
Grove's battery of 50 or even 100 cells in vigorous action, tho spark will not 
pass through an appreciable distance of cold air. By using a very large 
number of cells, carefully insulated and charged with water, Mr. Gassiot 
succeeded m obtaining a short Bpaik through air ; and lately Do La Buo and 
Muller have constructed a largo chloride-of-silver battery giving freely sparks 
through cold air, which, when a column of pure water is interposed in 
the circuit, accurately resemble those of tho common electrical machine. 
The length of tho spark increasing nearly os the square of the numbor 
of colls, it hafl been calculated that with 100,000 elements of this battery 
the discharge should take place through a distance of no less than eight 
feet in air. 

In tho solar beam wo have an tigent of surpassing power, tho investiga¬ 
tion of whose properties by Newton forms an epoch in the history of experi¬ 
mental science scarcely loss important than tho discovery of the law of 
gravitation in tho history of physical astronomy. Three actions characterize 
the solar beam, or, indeed, more or less that of any luminous body—tho 
^eating, the physiological, and tho chemical. In tho ordinary solar beam 
can modify the rdativo amount of iheso actions by passing it through 
different media, and wo oan thus have luminous rays with littlo heating Or 
litfclo chemical action. In tho case of tho moon's rays it required the highest 
skill on the part of Lord Bosso, even with all fhe resources of tho observatory 
of Paraonstown, to investigate their bearing properties, and to show that tho 
surface of our satellite facing tho earth passes, during every lunation, through 
a greater range of temperature than the difference between tho freezing- and 
boiling-poipts of water. 

But if, instead of taking an ordinary ray of light, wo analyze it as Nowton 
did by the ppsm, isolate a vory fine fine of the spectrum (theoretically a 
lino of infinite tenuity), that is to say, if we take a ray of definite refrangi- 
bility, it will he found impossible by screens or otherwise to alter its pro¬ 
perties, It was hi# clear perception of tho truth of this principle that led 
Stores to his great discovery of the cause of flnpdio dispersion, in whidrhp 
showed that many Judies had the power of sorbing dork r*y» of high 
refrangih^y and of emitting them os luminous rays of lower rcfrangibihtj— 
fhwjfcingf sfcwtf darkpeps sud of emitting*!* as Jt is not, 

iadoed* an m y wtfW in all case*'to say whether a given affix* i*dn* to 
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tho action of hcut 01 light; uud the question which of these forces is the 
efficient agent in causing the motion of tho tiny disks in Crookos’s radiometer 
lias given rise to n good deal of discussion. The answer to this question in¬ 
volves tho nurne principles as those by which the imago traoed on the daguorreo- 
typo pluto, or tho decomposition ot carbonic acid by the Icavos of plants, is 
referred to tho action of light and not of heat, and applying those principles 
to the experiments made with the radiometer, the weight of ovulence appears 
to be m favour of tho viow that tho repulsion of the blackened surfaces of 
the disks is due to a thermal reaction occurring in a lughly rarefied medium. 
I have mysclt had tho pleasure of witnessing many of Mi. Crookes’s experi¬ 
ments, and I cannot sufficiently express my admiration of the care and skill 
with which ho lus pursued this investigation The remarkable repulsions 
he has observed m the most perfect vacua hithcito attained arc interesting, 
not only ns having led to tho construction of a beautiful instrument, but us 
being likely, v\hen tho subject is fully investigated, to give valuablo data for 
tho theory of molecular actions. 

A smgulur property of light, discovered a short time ago by Mr Willoughby 
Smith, is its power of diminishing tho electrical resistance of tho element 
selenium. This property 1ms been ascertained to belong chiefiy to tho lumiuous 
rays on the red sido of tho spectrum, boing nearly absent in tho violet or 
more refrangible rays and also m heat-rays of low refrangibihty. The 
recent experiments of Prof. W. 0. Adams have fully established the accuracy 
of the remarkable observation, first made by Lord Robrc, that tho action ap¬ 
peared to vary inversely as the simple distanco of the illuminating source. 

Switzciland sent, some years ogo, as its representative to this country tho 
celebrated Do la Rive, whose scientific life formed lately the subject of an 
eloquent tloge from the pen of M. Dumas. On this occasion we have to 
welcome, in General Mcnabrca, a distinguished representative both of the 
kingdom of Italy nnd of Italian science llis great work on tbo determina¬ 
tion of tho pressures and tensions m on elastic system is of too abstruse a 
character to bo discussed in this address, but tho pnnciplo it contains may 
be briefly stated m tho following words“ When any olastio system places 
itself in equilibrium under the action of external forces, the work developed 
by the internal forces is a minimum.” General Menabrea has, however, other 
and special claims upon us here, as tho fnend to whom Babbage entrusted tho 
task of making kuown to the world the principles of his analytical machine 
—a gigantic conception, the effort to reulizo which it is known was ouc of 
the chief objects of Babbage’s later life, Tho latest development of this con¬ 
ception is to be found in tho meohanicol integrator of Prof. J. Thomson, in 
whieh motion is transmitted, according to a new kinematic principle, from a 
disk or cone to a cylinder through the intervention of a loose ball, fnd in 
Si?j Wk Thomson's machino for the mechanical integration of differential 
(^nations of the second order. In the exquisite tidal machine of the latter 
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we have un instrument by means of which the height of the tido at a givon 
port cau be accurately predicted for all hmos of the day and night. 

The attraction-motor of Siemens is an instrument of groat delicacy for 
measuring horizontal attractions, which it is proposed to uso for recording 
the attractive influences of tho sun and moon, upon which tho tides depend. 
The bathometer of tho same able phyeioist is another remarkable instrument, 
in which the constant force of a spring is opposed to the vanablo proseure of 
a column of mercury. By an easy observation of tho bathometer on ship¬ 
board, tho depth of the sea maybe approximately ascertained withont tho 
use of a aounding-hne 

Tho Loan Exhibition of Apparatus at Kensington has boon a completo 
success, and cannot fail to be useful, both in extending u knowledge of 
scientific subjects and in promoting scientific research throughout tho country. 
Unique in character, but most interesting and instructive, this exhibition 
will, it is to be hoped, be tho precursor of a permanent museum of scientific 
objeots, which, like tho present exhibition, shall be a record of old, as well 
as a representation of now inventions. 

It is often difficult to draw a distinct line of separation between the ph) - 
sical and chemical sciences , and it is perhaps doubtful whether tho division 
is not really an artificial one. Tho chemist cannot, indeed, mako any largo 
advanco without having to doul with physical principles; and it is to Boyle, 
Bolton, Gaj -Lussac, and Graham that wo owo the discovery of tho mecha¬ 
nical laws which govern the properties of gases and vapours. Somo of these 
laws have of late been made tho subject of searching inquiry, which has 
fully confirmed their accuracy, when tho body under examination approaches 
to what has not inaptly been designated tho ideal gaseous state. But when 
gases arc examined under varied conditions of pressure and temperature, it) 
is found that thoso laws are only particular cases of more general laws, and 
that tho laws of the gaseous state, as it exists in nature, although they may 
bo enunciated in a precise and definite form, nro very different from the 
simplo expressions which apply to tho ideal condition. The now laws be- 
pomo in their turn inapplicable when from the gaseous state proper wo 
pass to thoso intermediate conditions which, it has been shown, link with * 
unbroken continuity the gaseous and liquid states. As wo approach the 
liquid state, or even when wo roach it, the problem becomes more com¬ 
plicated, but its solution oven in those cases will, it may confl dcntly bo 
expected, yield to tho powerful means of investigation wo now possess. 

Among tho more important researches mode of late in physical chemistry, 

I may mention thoso of F. Weber on the specific heat of carbon and "the 
allied elements, of Borthelot on thormo-chcmiitry, of Bunsen on spectrum 
analyst, of Wullner on the ban#- and line-speotra of tho gases, and of 
Guthrie on the cryohydrafces. 

Cosmioal chemistry is a science of yesterday; $nd yet it ftJfehdy abounds in 
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fsett of the highest interest. Hydrogen, which, if the absolute zero of the 
physicist dobs not bar the way, we may hope yet to see in the metallic form, 
appears to be everywhere present in tho imivorsc. It exists in enormous 
Quantity in tho solar atmosphere, and it has been discovered in tho atmo¬ 
spheres of tho fixed stars. It is present, and is the only known element of 
whoso presence wo are certain, in thoso vast sheets of ignited gas of which 
the nebulae proper are composed. Nitrogon is also widely diffused among 
the Stellar bodies, and carbon has been discovered in inoro than ono of the 
comets. On the other hand, a prominent line in tho spectrum of tho Anrora 
Borealis has not been identified with that of any known element; and the 
question may he asked:—Does a new element, in a highly rareflod state, 
exist in the upper regions of our atmosphere ? or are wo with Angstrom to 
attribute this line to a fluorescent or phosphorescent light produced by tho 
electrical discharge to which tho aurora is due ? This question awaits further 
observations before it can be definitely settled, as does also that of the source 
of the remarkable green line which is everywhere conspicuous in the solar 
oorona. 

I must here pause for a moment to pay a passing tribute to the memory 
of Angstrom, whose great work on the solar spectrum will always remain as 
one of the finest monuments of the science of our period. The influence, 
Indeed, which the labours of Angstrom and of Kirchhoff havo exerted on the 
most interesting portion of later physics can scarcely be exaggerated , and it 
may be truly said that there are few men whose loss will be longer felt or 
more deeply deplored than that of tho illustrious astronomer of Upsala. 

I cannot pursue this subject further, nor refer to the other terrestrial 
elements which are present in the solar and stellar atmospheres. Among 
the many elements that make up tho ordinary aerolito, not one has been 
discovered which does not occur upon this earth. On the whole we arrive at 
the grand conclusion that this mighty universe is chiofly built up of the same 
materials as the globe we inhabit. 

In the application of science to the useful purposes of life, chemistry and 
mechanics have run an honourable race. It was in the valley of the Clyde 
that the chief industry of this country received, within the momory of many 
here present, an extraordinary impulse from the application by Neilson of 
the hot Blast to tho smelting of iron, Tho Bessemor steel prooess and the 
regenerative furnace of Siemens are later applications of high scientific prin¬ 
ciples to the same industry. But theTe is amplo work yet to be done. The 
fnel consumed in the manufacture of iron, as, indeed, in every furnace where 
oo*l is used, is greatly in exoess of what theory indicates; and the clouds of 
smoke which darken the atmosphere of our manufacturing towns, and even 
of whole districts of country, are a clear indication of the waste, but only of 
a small portion of the waste* arising from imperfect combustion. The de¬ 
pressing effect of this ata&ospherc upon the working population con scarcely 
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be overrated. Their pale, I had almost said etiolated, faces are a sure indi¬ 
cation of the absence of the vivifying influence of tie solar rays, so essential 
to tho maintenance of vigorous health. The chemist can furnish a simple 
test of this state of the atmosphere in the absence of ozone, tho active form 
of oxygen, from the air of our largo towns. At some future day the efforts 
of science to isolate, by a cheap and available process, the oxygen of the 
air for industrial purposes may be rewarded with success Tho effect of such 
a discovery would bo to reduce the consumption of fuel to a fractional part 
of its present amount, and although tho carbonic acid would remain, tho 
smoko and carbonic oxide would disappear. But an abundant supplj of pure 
oxygen is not now within our roaoh, and in the mean timo may I venture to 
suggest that in many localities tho waste products of the furnace might be 
carried off to a distance from tho busy human hive by a few horizontal flues 
of large dimensions, terminating in lofty chimneys on a hillside or distant 
plain ? A sj stem of this kind has long been omploj ed at the mercurial mines 
of Idria, and in other smelting-woiks where noxious vapours are disengaged. 
With a little care m tho arrangements, the smoko would be wholly deposited, 
as flue-dust or soot, in the horizontal galleries, and would bo available for 
the use of tho agriculturist. 

Tho future historian of organic chemistry will have to record a succession 
of beneficent tnumplis, in which tho efforts of science have led to results of 
the highest value to the wellbeing of man. Tho discovery of quinine has 
probably saved moro human life, with tho exception of that of vaccination, 
than any discovery of any age; and he who succeeds in devising an artificial 
method of preparing it will be trtily a benefactor of the race. Not the least 
valuable, as it has been one of tho most successful, of tho works of our 
Government in India, has been the planting of the cinchona-treo on tho 
slopes of tbo Himalaya. As artificial methods are discovered, one by one, of 
preparing the proximate principles of the useful dyes, a temporary derange¬ 
ment of industry occurs, but in tho end tho wasto materials of our manufac¬ 
tures sot free large portions of tho soil for tho production of human food. 

Tho ravages of insects have ever been tbo terror of the agriculturist, and 
the injury they inflict is often incalculable. An enemy of this class, carried a 
over from America, threatened lately with ruin some of the finest vine 
districts in the south of TVance. The occasion has called forth a ^iemtst of 
high renown ; and in a classical memoir recently published, M. Dumas ap¬ 
pears to have resolved the difficult problem, ftis method, although immedi¬ 
ately applied to the Fhytt&era of the vine, is a general one, and will no 
dotfbfc b6 found serviceable Id other cases. In the apterous state the Pfy(- 
Zltatra attacks the roots of the plant; and tho qiost efficacious paethod hitherto 
destroying It has been to inundate the vineyard. After a long and 
pMteet investigation, ft. Dumas has discovered that tho snlphocarbonate of 
pbtasstunij in dilute solution, fulfils every condition required from an insfeafci- 
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cidc, destroying the insect without injuring the plant. The process requires 
time and patience; but the trials in the vineyard have fully confirmed the 
experiments of the laboratory. 

The application of artificial cold to practical purposes is rapidly extending ; 
and, with the improvement of the ice-machinc, the influence of this agent 
upon our supply of animal food from distant countries will undoubtedly bo 
immense. The icc-machine is already employed m paraffin-works and in 
large breweries, and the cunng or salting of meat is now largely conducted 
in vast chambers, maintained throughout the summer at a constant tempera¬ 
ture by a thick covering of ice 

I have now completed this brief review, rendered difficult hj tho abun¬ 
dance, not bv tho lack of materials. Even confining our attention to tho 
few branches of science upon vvlucli I have ventuml to touch, rind omitting 
altogether tho whole range of pure chemistry, it is with regret that I find 
myself constrained to make onlj a simple reference to the important work of 
Cajloj on the Mathematical Theory of Isomers, and to elaborate memoirs 
whioh have recently appeared in Germany on tho reflection of heat- und light- 
rajs, and on the specific heat and conducting-power of gases for heat, by 
Knoblauch, E. Wudemuim, 'Winhelmnnn, and Huff. 

Tho decline of science in England ioimcd the theme, fifty jears ago, of nil 
elaborate essay by Bubbago, but tho brilliant diecov erics of Faraday soon 
after wiped off the reproach. I will not venture to saj that tho alarm which 
has lately arisen, heie and elsewhere, on the snme subject will prove to 
be equally groundless. The duration of every groat outburst of human 
actmtj, whother in nit, m literature, or in science, has always been short, 
and experimental science has mado gigantic advances during tho last three 
cent lines. The evidence of any great failure is not, however, very manifest, 
at least in the physical sciences. The journal of Foggcndoiff, which has long 
been a faithful record of the progress of physical research thi oughout tho 
world, shows no signs of flogging, and tho Jubolband by which Germany 
celebrated the fiftieth jear of Toggendorff b invaluable semccs was at tho 
same time an ovation to a Ecioitific veteran, who luis pcrhnps done more 
than uny man living to encourage tho highest foims of resoarch, and a proof 
that m Northern Europo tho physical sciences eontinao to bo ably and 
actively cultivated. It in chemistry the ease is somewhat vvoaker, the ex¬ 
planation, at loast m tins countiy, 10 chiefly to be found m tho demand on 
tho part of the public for professional aid from many of our ablest chemists. 

But whatever v lew be taken of tho actual condition of scientific research, 
there can he no doubt that it is both the duty and the interest of the countiy 
to encourage a pursuit so ennobling in itself, und fraught with such impor¬ 
tant consequences to the wellbeing of the community. Nor is there any 
question in which this Association, whose speciol aim 1 $ tho advancement of 
'science, can take a deeper intcicst. The public mind has nls 0 boon awakened 
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to its important, and u prepared to aid in owzying ont any proposal whioh 
offer* a reasonable prospect of advantage 

In its recent phase the question of soiontifio research has been mixed up 
with contemplated changes in the great universities of England, and par¬ 
ticularly in the University of Oxford Ihe national interests involved on 
all sides are immense and a false step once taken may be irretnovable It 
is with diffidence that I now refer to tho subjoct, even after having given to 
it the most anxious and careful consideration 

As Regards the higher mathematics their cultivation has hitherto been 
chiefly confined to tho Universities of Cambridge and Dublin, and two great 
mathematical schools will probably be sufficient for the kingdom The case 
of the physical and natural scionoes is different, and they ought to ho cul¬ 
tivated in tho largest and widest sense at every complete university Nor, 
in applying this remark to tho Lnglish universities, must we forgot that if 
Cambridge was the alma mater of Newton and Cavendish, Oxford gave birth 
to the Royal Society The ancient renow n of Oxford will suroly not suffer, 
while her material position cannot fail to be stiongthened, by the expansion 
of scientific studies and tho oncouragoment of scientific research within her 
walls Nor ought such a proposal to be regarded as in any way hostile to 
the literary studies, and especially to the ancient classical studies, which 
have always been so carefully cherished at Oxford If, indeed, there were 
any such risk, few would hesitate to exclaim—let science shift elsewhere for 
herself, and let literature and philosophy find shelter in Oxford 1 But there 
is no ground for any such anxiety Literature and science, philosophy and 
art, when properly cultivated, far from opposing will mutually aid one 
another Thero will be ample room for all, and, by judicious arrangements, 
all may reoeivo the attention they deserve 
A University, or Stadium Gonerale, ought to embrace m its arrangements 
the whole circle of studies which involve the material interests of society, as 
well as those which cultivate intellectual refinement The Industrie* of the 
country should look to the universities for the development of the principles 
of applied as well as of abstract science, and m this respect no institutions 
have ever had so grand a possession within easy reach as have the uni ver¬ 
ities of England at this conjuncture, if only they havo the courage to seize it% 
With their histone reputation, their oollegiate endowments, their command¬ 
ing influence, Oxford and Cambridge should continue to be all that they now 
arfc, but they should, moreover, attract to their lecture-halls and working 
eobipets students in large nuinbers preparing for the higher industrial pnr- 
«tdt« of the ootmtry The great physical laboratory in Cambridge, fouqgej 
and Equipped by the noble representative of the House of Cavendish, ha* 1 n 
respect a peculiar significance, and is ofi important step in the direction 
I hd*e ^adioated But a small tffimberonly of those for whom this tempi# 

of WfaSHWil designed are now to be found ifc Cambridge jfemmni for the 
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University to perform its part, and to widen its portals so that the nation at 
large may reap the advantage of this well-timed foundation. 

If the Universities, in accordance with the spirit of their statutes, or at 
least of ancient usage, would demand from the candidates for some of the 
higher degrees proof of original powers of investigation, they would give an 
important stimulus to tho cultivation of science The example of many con¬ 
tinental universities, and among others of tho venerablo University of Leyden, 
may here bo mentioned Two proof essays recently written for the degree 
of Doctor of Science in l^eydcn, one by Van dor Wuals, the other by Lorenz, 
are works of unusual merit, and another pupil of Professor llijke is now 
engaged in an elaborate experimental research us a qualification for tho same 
degree 

Tho endowment of a bod) of scientific men do\ oted exclusively to original 
research, without the duty of touching or other occupation, has of lato been 
strongly advocated m this country, and M Freni) has given the weight of 
his high authority to a somewhat similar piopoBal for the encouragement of 
research m France. I will not attempt to discuss the subject as a national 
question, tho more bo as after having given tho proposal tho most careful 
consideration in my power, and turned it round on every side, I have failed 
to discover how it could be worked so as to secure the end in view 

But whatever may bo said in favour of the endowment of pure research as 
a nationul question, the Universities ought surely never to be asked to give 
their aid to a measure which would sc parato the higher intellects of the country 
from tho flower of its youth. It is only through tho influence of original 
minds that any great or enduring impression can be produced on the hopeful 
student. Without original power, and the habit of exorcising it, you may 
have an able instructor, but you cannot lmvo a great teacher. No man can 
be oxpected to train others in habits of observation and thought ho has never 
acquired himself. In every age of tho world the great schools of learning 
have, as in Athens of old, gathered around great and original minds, and 
never more conspicuously than in the modern schools of chemistry, which 
reflected the genius of Liebig, Wohler, Bunsen, and Hofmann. These 
schools have been nurseries of original research as well as models of scientific 
teaching; and students attracted to them from all countries became enthu¬ 
siastically devoted to science, while they learned its methods from eiample 
even more than from precept. Will any one have the courage to assert that 
organic chemistry, with its many applications to the uses of mankind, would 
have made in a few short years the marvellous strides it has done, if Science, 
now as in mediffival times, had pursued her work m strict seclusion, 

SemoU ab nottru rebus, seluactaque Ionge, 

'* I I pea stua pollen* opibus, nil inchg& noetn 7 

Bat whils the Universities ought not to apply their resources in support 
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of a measure -which would render their teaching ineffective, and would at the 
same time dry up the springs of intellectual growth, thoy ought to admit 
freely to umvorsity positions men of high repute from other universities, and 
even without academic qualifications. An honorary degree does not neces¬ 
sarily imply a university education, but if it have any meaning at all, it 
implies that he who has obtained it is at least on a level with the ordinary 
graduate, and should be eligible to university positions of the highest trust. 

Not less important would it be for the encouragement of learning 
throughout the country that the English Universities, remembering that 
they were foundod for the same objects, and denvo their authority from a 
common source, should be prepared to lecognize the ancient universities of 
Scotland as freely as they have ulwajs recognized the Elizabethan University 
of Dublin. Such a measure would lmigorate the whole university system 
of the country moie than nnj other T can think of It would lead to 
the strengthening of the litenirv element in the northern, and of the 
practical element in the southern umvcisihcs, and it would bring the highest 
teaching of the country everywhere more fully into harmony with the 
requirements of the times in which we live As an indirect result, it could 
not full to give a poweiful impulse to literary pursuits as well as to scientific 
investigations Piofessors would be piomotcd from Bmallor positions in 
one university to higher positions in another, after they had given proofs 
of industry and ability ; and stagnation, Luitful alike to professorial and 
professional life, would be effectually prevented. If this union were estab¬ 
lished among the old universities, and ll at the same time a new univer¬ 
sity (as I myself ten } cars ago earnestly proposed) were founded on sound 
principles umidst the great populations of Lancashire and Yorkshire, tho 
university system of tho country would gradually receive a large and useful 
extension, and, without losing any of its present valuable characteristics, 
would become moro intimately ielated than hithcito with those great indus¬ 
tries upon which mainly depend the strength and wealth of the nation. 

It may perhaps appear to many a paradoxical assertion to maintain that 
the industries of tho country should look to the calm and serene regions 
of Oxford and Cambridge for help in the troublous times of which we ' 
have now a sharp and severe note of warning. But I have not spqj^en 
on light grounds, nor without due consideration If Great Britain is to 
retain the commanding position she has so long occupied in skilled manu¬ 
facture, *the easy ways which (owing partly to the high qualities of her 
people, partly to the advantaged of her insular position and mineral wealth) 
have sufficed for the past, will not be found to suffice for the futuft. 
The highest training which can be brought to bear on practical science 
will be imperatively required; and it will be a fatal policy if that training 
is to be sought for m foreign lands, because it cannot be obtained at home. 
Tho country which depends unduly on the stranger for the education of 
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its skilled men, or neglects in its highest places this primary duty, may ex¬ 
pect to find the demand for such skill gradually to pass away, and along 
with it the industry for which it was wanted. I do not claim for scien¬ 
tific education more than it will accomplish, nor can it ever replace the 
after-training of the workshop or factory Ilaro and powerful minds have, 
it is true, often been independent of it, but high education always gives an 
enormous advantage to the country where it prevails Let no one suppose 
I am now referring to elementary instruction, and much less to the aotive 
work which is going on everywhere around us, in preparing for examina¬ 
tions of all kinds Thoso things aro all very useful in their way , but it is 
not by them alone that the practical arts are to be sustained m the couutry 
It is by education in its highest sense, based on a broad scientific founda¬ 
tion, and leading to the application of science to practical purposes—m itself 
one of the noblest pursuits of the human mind—that this result is to be 
reached. That education of this kind can bo most effectively given in ft 
university, or in an institution like the Polytechnic School of Zurich, which 
differs from the scientific side of a university only m name, and to a large 
extent supplements the teaching of an actual university, I am firmly con¬ 
vinced ; and for this reason, among others, I have always deemed the estab¬ 
lishment m this country of Examining Boards with the power of granting 
degrees, but with none of the higher and more important functions of a 
university, to have beon a measnro of questionable utility. It is to Oxford 
and Cambridge, widely oxtended as they can readily be, that the country 
should obiefly look for the development of practical science , they have abun¬ 
dant resources for the task ; and if they wish to secure and strengthen their 
lofty position, they can do it in no way so effectually as by showing that m 
a green old age they preserve the vigour and olastioity of youth. 

If any are disposed to think that I havo been oarrymg this meeting into 
dream-land, let them pause and listen to the result of similar efforts to those 
I have been advocating, undertaken by a neighbouring country when on the 
verge of ruin, and steadily pursued by the same country in the climax of its 
prosperity. “The University of Berlin,” to use the words of Hofmann, 
•* like her sister of Bonn, is a creation of our century. It was founded in 
th* year 1810, at a period when tho pressure of foreign domination weighed 
almost insupportably on Prussia; and it will over remain significant of the 
direction of the German mind that the great men of that time should have 
hoped to develop, by high intellectual training, tho forces necessary* 1 for the 
regeneration of their country.” It is not for me, especially in this place, to 
dwell upon the great strides which Northern Germany has made of late years 
in some of the largest branches of industry, and particularly in those which 
give a free scope for the application of scientific skill. “ Let us not sup¬ 
pose, w says Wort* in his recent report on the Artificial Dyes, “ that 
the distance is so great between theory and its industrial applications. This 
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repart would have been written m vam, if it had not brought clearly into 
view the immense influence of pure science upon the progress of industry. 
If unfortunately the sacred flame of science should bum dimly or be extin¬ 
guished, the practical arts would soon fall into rapid decay. The outlay 
which is incurred by any country for the promotion of scienoe and of high 
instruction will yield a certain return ; and Germany has not had long to wait 
for the ingathering of the fruits of her far-sighted policy. Thirty or forty 
years ago, industry could scarcely be said to exist there , it is now widely 
spread and successful .*' As an illustration of the truth of these remarks, I 
may refer to the newest of European industnes, but one which in a short 
space of time has attained considerable magnitude. It appears (and I make 
the statement on tho authority of M Wurt^ that the artificial dyes produced 
last year in Germany exceeded in value those of all the rest of Europe, in¬ 
cluding England and France Yet Germany has no special advantage for 
this manufacture except the training of her practical chemists. We are not, 
it is true, to attach undue importance to a single case; but the rapid growth 
of other and larger industries points in the same direction, and will, I trust, 
secure some consideration for tho suggestions I have ventured to make 

The intimate relations which exist between abstract science and its appli¬ 
cations to tho uses of life havo always boon kept steadily in view by this 
Association, and the valuable lteports, which are a monument to tho industry 
and zeal of its members, embrace every part of tho domain of science. It is 
with the greater confidence, therefore, that I have ventured to suggest from 
this Chair that no partition wall should anywhere bo raised up between pure 
and applied science. Tho samo sentimeut animates our vigorous ally, the 
French Association for the Advancement of Science, which rivalling, as it 
already does, this Association in the high scientific character of its proceed¬ 
ings, bids fair in a few years to call forth tho same interest in science and its 
results, throughout the groat provincial towns of Franco, which the British 
Association may justly claim to have already effected m tins country. No 
better proof can be given of the wide base upon which the French Associa¬ 
tion rests, than the fact that it was presided over last year by an able repre¬ 
sentative of commerce and industry, and this year by one who has long 
held an exalted position in the world of scienoe, and lias now the rare di¬ 
stinction of representing m her historic Academies the literature as well as 
the scienoe of France. 

Whatever bo tho result of our efforts to advance science and industry, it 
requires no gift of prophdey to declare that the boundless resources which 
the supreme Author and Upholder of the Universe has provided for Abe use 
of man will, as time rolls on, be more and more fully applied to the im¬ 
provement of the physical and, through the improvement of the physical, to 
the elevation of the moral condition of the human family. Unless, however, 
the history of the future of our race be wholly at variance with the history 
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of the post, the progress of mankind will be marked by alternate periods 
of activity and repose, nor will it be the work of any one nation or of 
any one race To the erection of the edifice of civilized life, os it now 
exists, all the higher races of the world have contributed; and if the balance 
were accurately fltruck, the claims of A9ia for her portion of the work would 
be immense, and those of Northern Africa not insignificant Steam-power 
has of late years produced greater changes than probably ever occurred be¬ 
fore in so short a time. But the lesources of Nature are not confined to 
steam, nor to the combustion of coal The stoady water-wheel and the rapid 
turbine are more perfect machines than the stationary steam-engine ; and 
glaoier-fed rivers with natural reservoirs, if fully turned to account, would 
supply an unlimited and nearly Constant source of power depending solely 
for its continuunco upon solar heat But no immediate dislocation of indus¬ 
try is to be feared, although the turbine is already at work on the Rhine and 
the Rhone. In the struggle to maintain their high position in science and its 
applications, the countrymen of Newton and Watt will have no ground for 
alarm so long as they hold fast to their old traditions, and remember that 
the greatest nations havo fallen when they relaxed in those habits of intelli¬ 
gent and steady industry upon which all peiruanent success depends. 
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Twelfth Report of the Comm it tee foi Exploring Kent’s Cavern , 
Devonshire , the Committee eonsistnu / of John Evans, FR S, Sir 
John Lubbock, Bart , FRS , Edward Vivian, M.A , Geohob 
Husk, F R S , Willum Boyu Dvwkins, F R S , AVitaiam Aysu- 
ford S \NroRp, F.C S , John Kdwuid Lll, F G S , and William 
l } b no elly, F R ij (Heportn ) 


The Eleventh Report, presented by the Committee to the Association during 
the Meeting at Bristol in 1S7o, and read to the Geologic al Section *, brought 
up the nairative oi the t xplorution to the end ot July of that year Fiom 
that date the work, whnh is still in piogitss, has been carried on uninter¬ 
ruptedly, in all rospcits as in previous }ears, and it is intended in tho 
present Report to deseubo the leseaichos made dunng tho thirteen months 
ending 31st of August of tho piesent }eur 

Though tho Committee have still the satisfaction of btating that they retain 
tho valuable services ol Gtoige Sinerdon, foreman of the woik, the} have to add 
that Nu holas Luscombe, who had been engaged a shoi t time before the Eleventh 
Report was drawn up, was obliged to leave ver> soon after w aids on account of 
illness, and that there was somo difficulty in supplying his placo, there being 
a great demand for laboureis at Torquay At tho beginning of Scptombor, 
however, they engaged a young man named William Matthews, who has 
given complete satisfaction, and is still at work in tbe Cavern 

The Hu perm ten don ts have had the pleasure, us m former years, of con¬ 
ducting a lnrgo number of persons into the Cavern, of explaining to them on 
tho spot the mode of woikmg, and describing tho facts which have been dis¬ 
covered, as well as of setting forth their bearing on Palmoutology and 
Anthropology Tho follow mg may bo mentioned as amongst the visitors since 
the Eleventh Repoit was presented —Lord Erskine, Hon. J C. Erskino, Sir 
J. E. Buntiio, Sir L Talk, Sir J. Wulrond, Colonel Bridges, Colonel Buckle 
(Bangaloro), Major Lang, Captain F. G. D. Watson, the Revds. Chancellor 
Benson, T, Hincks, W R Stevenson, and R. R. Wolfo, l)r. Boycott, Professors 



* See Report Bnt Aseoc. 1875, pp 1-13 
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of them, ■when the Eleventh Report was presented When Mr MacEncry 
and his contemporaries commenced their labours in the Cavern, the existence 
of this chamber was probably known to but very few persons, as what 
appeared to be its tuo entrances must have hem so nearly filled with deposits 
of different kinds as to reduce them to tho sue of mero pigeon-holes , and it 
is perhaps worthy ot remark, by way of confirmation, that though it contained 
large and lofty bosses of stalagmite, such as visitors loved to enrich with 
their names or initials, tho only inscription found m it is dated many years 
after the commencement of Mr MucEnory h researches 

lhe ontraneo to the Labyrinth is about 190 fett from the mouth of the 
Long Arcade, and 280 feet from tho nearest external entrance to the Cavern 
lhe name of Labynnth was given to it on iceount of tho difficulty which, 
without a guide, visitors txperunced in threading thur way betwocu the 
numerous masses of f illcn limestone and tho large bosses of stalagmite whioh 
occupied its flooi In fact it uas not only tho most bewildering branch of the 
Caytrn, but even persons somewhat famih ir with tho soono so constantly 
‘Most their bearings as to be unable, even after emerging from it to teLl 
whether their way out of the ( avirn lay to the right hund or to the left 
“ Thero was,’ says Mr Mael ncry “a tradition of the loss of life hero by a 
young man who ventured to explore it without a guide It is cortain that 
two gentlemen who lost their light and way spirit a night of horror hero, 
dreading to advance for foar of tailing into the pits they romained im¬ 

movable until their friends came to thur relief, alarmed by their absonce”* 

In another passage, spcukmg of the labyrinth as “ 1 ho Zig/ag Route,” 
he says, “ Of the dangerous lntncacus of this section of tho Cavern a memo¬ 
rable and ncaily fatal lllustntion occurred during the American War Some 
officers of the fleet then stationed in Torbay had tho hardihood to attempt to 
explore it without a guide Having lost their clue, they wandered about in 
the vain hope of fetiacing their steps, during which thur torches wore burnt 
out They then groped about in different directions and separated After a 
night of horror they were released by their friends, who, alarmed at their 
absence, recollected tho projected adventure aDd hastened to their deliver¬ 
ance ”t 

The Labynnth extends from the Long Arcade, in a south-easterly direction, 
for about 46 feet, throwing oft three narrow branches at and near its inner 
end Of these, the central one, opening out of the south-eastern corner, and 
which it is proposed to call 44 Matthews s Passage, ’ after one of the workmen, 
loads into tho Bear’s Don, another, tho mouth of which is immediately 
adjaoent and opens out of the north-eastern wall, has long been famous as 
“ The Littlo Oven,” and has its other end on the mass of limestone known as 
*‘ The Bridge at a distance of upwards of 60 feet towards the north , whilst 
the third, commencing m tho southernmost comer, extends for a distance of 
at least from 16 to 20 feet towards the south-wost The I ubynnth is com¬ 
monly from 17 to 18 feet wide, but expands at one point to 22 feet, and 
contracts at another to 16 foot, its greatest height is 18 feet, measured from 
the bottom of the excavation 

The walls and roof, though by no means without traces of the erosive action 
of flowing water, are in most places extremely rugged, and suggest by their 
fretted aspect that even the last of the numerous blocks of limestone encum¬ 
bering its floor must have fallen a long time ago 

v! * Sto Tran# Devon Awoo vol m (1869), p 238 

t Ibid p 460 ♦ 

l See Report Brit Amoo 1873, p 199 
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It is separated from the Long Arcade by a massive curtain of limestone, 
descending from the roof to the depth of 9 feet, across a space about 18 feet 
■wide, being, so to speak, slightly looped up at each end to form two small 
entrances. Observers unaccustomed to caverns are not unlikely to speculate 
on the cause which prevents the fall of this mass, and to hasten on lest the 
time before the event occurs maj be undesirably brief 

Mr. MacEnery had conducted some diggings in the Lubynnth, and had 
carried them to a depth of at least three feet at ono of the entrances, so that 
by assuming a stooping posture ingress and egress bocamo possible. In all 
other parts of the ehumber his work was much less deep, and, on account of 
the state of the floor, was necessarily discontinuous 

Omitting the largo blocks of limestone, the deposits were —First, or upper¬ 
most, a Floor of Granular Stalagmite, from which there arose several huge 
bosses also of Stalagmite, one of which was 11 feet lugh above the floor, whilst 
its base occupied a rudely circular space fully 13 feet in mean diameter 
Second, a Icier of Ca\e-cartb, rarely amounting <o more than a foot, in 
depth, and sometimes to not more than u few inches, whilst it occasionally 
reached as much as 2 feet. 

Third Though it may be doubted whether there ever was a Floor of the 
more ancient, the Cry stallme, Stalagmite in the Labyrinth, the lower, and by 
far tho greater, part of the bosses mentioned above was of that variety, and 
was covered with a comparatively thin envelope of the Granular kind, without 
any mechanical deposit between them 

Fourth, the Breccia, or, so far as is known, the most anoicnt of tho Cavern 
deposits, lay immediately beneath the Cave-eaith, from which there was 
nothing to separate it, and extended to a depth exceeding that to which the 
extfavatious wcie earned 

In looking at the facts as they presented thcmsolves, day after day, the 
following appears to bo not improbably the history of the deposits in this 
branch of the Cavern 

During, as well as after, the deposition of tho Breccia, with its ursine relics, 
stalagmite, having now a crystalline texture, was m course of precipitation, 
and in such a way as to form, not sheets or floors, but of a moro or less 
conical form, which, whilst they rested on Breccia, had their lower slopes 
covered with the same material, so that their bases were deeply buried in 
that ancient deposit After tho close of the era of the Brecoia, tho procipi- 
tation was still earned on, but, as before, in such a way as to add to tho 
volume of tho 6cwcs, and not to produce & floor, Then came the deposition 
of the Cave-earth, containing remains of Bear, Lion, Fox, Hyrona, Mammoth, 
Rhinoceros, Horse, Ox, and Bud—all of them, with the exception of the first 
three, unknown to tho Bieccia. Later still was the precipitation of that 
stalagmite which is granular instead of crystalline, and which not only added 
to the dimensions of tho already massive bosses, but flowed out in sheets and 
covered tho Cave-earth. Whilst all those successive operations were in pro¬ 
gress, blocks of limestone from time to time fell from the roof— some of them 
being buned in the Breccia at? depths the excavators have not reaohed, some 
lying loose on the Floor of Granular Stalagmite, and others occupying all 
intermediate zones and representing all tho intervening periods. 

In order to achieve tho thorough exploration of tho Labyrinth, it was 
necessary to break up all the bosses of stalagmite with the oxception of the 
largest of them, of which a portion has been loft intaot, it being believed that 
it shows strikingly the utter inadequacy of the data derived from a boss to 
solve the problem of the amount of time represented by a floor, and vice 
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Before dirooting the workmen, howovor, to removo any of those stakgmitio 
accumulations, tho tfupcrintendonts carefully oxamined them for inscriptions. 
Nevertheless, one inscription was overlooked—thai already referred to as tho 
only specimen of tho kind within tho Lab} rmth , and it was not until a 
portion of the largest boss was blasted off that it was found to have on it 
“ Or Knight, June 1, 1830” 

Tho upper nui face of both tho Oavc-carth and tho Breccia roso, with some 
irregularities, 38 inches from tho mouth of tho Labyrinth to its innermost 
oxtromity, giving a mean ascending gradient of about 1 in 17 

Tho total number of u finds ” in this branch of the Cavern w<w 135, and 
tho specimens they included were as follow — 

Lying on the sui fare —Three portions of ribs and two other bones (No 
6780), tho two latter having boon eat with a sharp tool, porhapa by tin 
existing butcher, and one bone of Bat in a heap of Pipes ” of Stalactite, 
probably collected by man 

In the Granular Stalagmiti —One tooth of Lion 

In the Cave •eat th —32 teeth of llytena, 7 of Bear, 6 of Fox, 3 of Horse, 
2 of Khinoccros, 3 plate's of a molar of a young Mammoth, 1 of Lion, L of 
Ox, and 1 of Sheep (of doubtful position), several bones and portions of bone, 
including a tarsus of Bird, and two pieces of bone apparently charred, 1 
coprohto, and 1 small chip of fi .nt 

In the Crystalline Stalagmite —(i teeth ot Boar, of which 5 were m one 
and the same jaw. 

In the Brecaa —215 teeth of Bear, and a considerable number of bones, of 
whioh many arc good specimens 

As in all other parts of tho Cavern where ho had made researches, Mr. 
Machinery simply cast aside tho material ho dug up, without hiking it to*tho 
exterior for final examination. Tho Superintendent* took outside tho 
Cavern the “ biokcn ground ” met with in tho Labyrinth and examined it 
oarofully by da\ light, as in all previous cases of tho kind It yielded 17 
teeth of Bear, 14 of Hjtona (three of them in pieoos of jaws), 2 of the Gigantic 
Irish Doer (in part of a jaw), 1 of Doer, 1 ot Horse, 1 of Sheep ; bones and 
pieces of bone ; and part of a Crab’s claw, no doubt quite rocont 

Tho exploration of tho Labyrinth, commenced on October 28, 1875, was 
completed on July 10, 1876, upwards of 8 months having boon spent on it. 

Matthews's Passage .—Having finished thoir researches m the Labyrinth, 
the Committeo procooded at once to exploro tho small branch loading from it. 
to the Bear’s Den, and termed, as already stated, Matthews’s Passage, thus 
leaving tho two othor and adjacent small ramifications to bo undertaken on 
some fhture occasion To this course they were tempted partly on account 
of the Bcvere and protracted labour which, from thoir very limited breadth 
and tho character of thoir deposits, must attend the excavation of those 
branches, and partly by the wealth of osseous remains which, from Mr, Mnc- 
Enery’s description, they aro likely to find irtUhe Boar’s Den. 

Matthews’s .Passage consists of two Beaches. the first, opening out of tho 
Labyrinth, extends for about 14 feet towards the south-east, where the 
seoond turns sharply towards oast-north-east, and after a somewhat tortuous 
course for about 16 feet, enters the Bear’s Den. Thoir height is from 9 to 
10 feet almost everywhere (measuring, as usual, from the bottom of the 
excavation, which nowhore roaches the limestone floor), and they vary from 3*6 
* feet to 7 feet in width. Tho walls and roof, the latter especially, boar ovident 
traces of the erosive action of a flowing stream, suooeeded by the corrosion 
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due, no doubt, to acidulated water, as the surfacos aro much fretted. Holes, 
having the aspect of mouths of small watercourses, open out of tho walls and 
roof in various plocos , and about midway in tho Second Roach tho roof rises 
into a small water-worn donio, trom tho apex of winch a cylindrical due asconds 
into tho limestone, and, like tho watercourses just montionod, is quite 
empty. 

There wore but scanty traces of a Stalagnntic Floor in tho First Reach, in 
whit h, however, the carl lor explorers had hero and thorc brokon ground, 
but throughout tho on tiro length of tho Second Roach a Floor of Granular 
Stalagmite extendod from wall to wall, varying from 10 to 24 inches in 
thickness, and at about 10 foot from its entrance there was also a portion of 
a Floor of Crystalline or old Stalagmite adhonng to the left wall, whence it 
piobably never extended to the opposite side. It was about 15 indies thick, 
below and almost in contact with tho Granular Floor, but separated from it 
by a lay ei of Cave-earth about one mdi thick 

The mechanical deposits in tho First Reach wore the usual thin layer of 
Cavo-carth above, and the Bicccia of unknown depth below, but m the 
Second Roach the space beneath tho Stalagmitie Floor was mainly occupied 
with largo loose masses oi limestone, sorao of which required to be blasted 
more than once in order to remove them The spaces between them woro 
filled with Cave-earth or Rrneaa, with comparatively few specimens of any 
kind 

The upper surface of the Cave-earth was almost perfectly horizontal in tho 
First Reach, but in tho Second there was a gradual and total ascent of 27 
inches, giving a mean gradient oi about 1 in 7 lor that Reach. 

Matthews’s Passago yielded a total of 49 “ finds,” consisting of specimens 
which may be thus distributed — 

Jn the Cave-earth —20 teeth of Hyncna(somo of thorn in portions of jaws), 
2 of Boar, 1 of an immature Mammoth, 1 of Fox, and a considerable 
number of bones, many of them being moro or less brokon and a few of 
them gnawed. 

In the Brecaa ,—100 teeth of Bear and a largo number of bones, including 
many good specimens Tho richest “ finds ” were mot with in a small 
narrow rocess m the outer rtnglo at the junction of the two Roaches, whero 
the teeth and bones lay huddled confusedly together, suggesting that a rush 
of water had probably carried them to tho spot they occupied. 

No traco of man was detected in any part of this branch of tho Cavern. 

The exploration of Matthews’s Passage, begun on- 11th July, 1870, was 
completed on Blst August, having occupied about 7 weeks. and operations 
were commenced in tho Bear’s Den on 1st September. 

In looking over tho work accomplished, and the discoveries made, since 
the Elovonth Report was presented at Bristol in 1875, the following note¬ 
worthy facts prosent themselves : — 

1st In their Eleventh Report tho Committee sketched the distribution in 
the Cavern of tho remains of the various species of Mammals which characterize 
the Cave-eaTth. Of this sketch tho following is a brief summary :->-The 
Hysenahad been met with wherever the Cave-earth was found; the Hare had 
not been detected anywhere in tho “Western Division’’of the Cavern— 
that moat remote from the external entrances; the Badger, Wolf, and Ox 
had not been found beyond the “ Charcoal Cave, ” and relies of Horse, 
Rhinoceros, Deer, Fox, Elephant, and Lion had not appeared boyond the 
u Long Arcade.” 
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The discoveries which have since been made require that this sketch should 
be corrected in the following particulars —Remains of Ox, Horse, Rhinoceros, 
Deer(?), Fox, Elephant, and Lion have all now been found beyond the Long 
Arcade, in one or more of the throe branches of the Cavern explored since 
the Bristol Meeting In all other particulars the distribution remains at 
present as sketched in 1875. 

2nd. No tooth, or, so far as is at present known, other trace of Machaxrodus 
latidoishiia been met with since the last Report was drawn up. In short, tho 
only evidenco of the presence in the Cavern of this extinct species of Mammal 
which the Committee have detected during the continuous labour of almost 
twelve jears, is the one solitary, but well-marked, incisor found 29th July, 
1872—a fact well calculated to impress one with the unsatisfactory nature 
of merely negative evidence It cannot bo doubted that had this compara¬ 
tively small specimen been overlooked, the palaeontologists who, pnor to its 
discover}, were sceptical respecting the occurrence of Mackamuhis in Kent's 
Hole, as stated by Mr MacEuery, would have Isdiovod their scepticism to be 
strongly confirmed b} the labours of your Committee, whilst the number of 
their followeia would huve been greatly incieased 

3rd As has been already stated, the Committee commenced the exploration 
of the Labyrinth on 28th October, 1875, and from that time to 31st August, 
1876 (a period of upwards of ten months), they weie occupied in it and in 
Matthews's Passage, both of which they completed} explored, yet, during all 
that time,and in those two important branches of the Cavern, they found no 
trace whatever of prehistoric man Had }our Committee, on receiving their 
appointment from the British Association in 1804, commenood their researches 
in oither of the branches pist named (and Buch a course was by no means 
without its advocates), instead of beginning at the external mouth of the 
Cavern and proceeding thence steadily through the successive chambers and 
galleries, there can be little or no doubt that Kent’s JIolo would have been 
pronouuccd to be utteil} destitute of any evidence on the question of Human 
Antiquity, and but poorly furnished with the remains of extinct Mammalia. 
The work would probably have been closed without going further, to tho 
great loss of Anthropology and Palaeontology, as well as of popular education 
in these important branches of science. 


Report of the Committee , consisting of Prof Sylvester, Prof. 
Cayley, Prof. Hirst, Rev. Prof. Bartholomew Prick, Prof H. J. 
S Smith, Dr. Spottiswoode, Mr R. B. Hayward, Dr. Salmon, 
Rev. Prof, R. Townsend, Prof. Fuller, Prof Kklland, Mr. J. M. 
Wilson, Prof. Henricj, Mr. J.W. L.Glaisher, and Prof. Clifford, 
appointed for the purpose of considering the possibility of Improving 
the Methods of Instruction m Elementary Geometry , and reappointed 
to consider the Syllabus drawn up by the Association for the /m- 
provement of Geometrical Teaching , and to report thereon . Drawn 
%ip by Mr. Hayward. 

/1 

In a previous Report (Report for 1873, p. 459) the Committeo recognized the 
fact that the nuun practical difficulty in effecting an improvement in the 
existing methods of teaching elementary geometry is that of reconciling the 
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claims of the teacher to greater freedom with the necessity of one fixod and 
definite standard for examination purposes They also expressed their con¬ 
viction that “no text-book that has yet been produced is fit to succeed Euclid 
in the position of authority, ” and that in tho absence of such a text-book, 
whether the existence of a standard authority m tho future such as Euclid 
has boon in tho past be regarded as desirable or not, it is important to secure 
“ tho requisite degree of uniformity and no more by tho publication of an 
authorized iSyllftbuH” ot propositions m a definite sequence, which should be 
regarded as a standard soquenco for examination purposes, and Bubjcct to 
which alone any amount of variety m demonstration and general treatment 
of tho subject should be admissible 

As it was understood that the Association for tho Improvement of Geo¬ 
metrical Teaching was engaged in tho task of drawing up such a Syllabus, no 
further at tion was taken by tho Commit tee until tho present year, whon, tho 
Syllabus having been completed and published, they have proceeded to con¬ 
sider tho same in accordance with the instructions contained in tho resolution 
reappointing tho Committee 

Tho Committee have not considciod it to be their duty to examine tho 
Syllabus m minute detail, but rather to report on its general character and 
its fitness as a basis for an authorized standard soquenco of propositions 

The Committee have no hesitation in stating at the outset, as the result of 
their consideration of tho Syllabus as a whole, that it appears to have been 
drawn up with such caro, and with such regard to the essential conditions of 
the problem, as to render it highly desirable that it should bo considered m 
detail by authorized representatives of tho Universities and the other groat 
examining bodies of tho United Kingdom with a view to its adoption, Bubjocfc 
to any modifications which such detailed consideration may show to bo 
necessary, as the standard for examinations in Elementary Geometry, 

It may bo well to observe that tho adoption of this or some such standard 
Syllabus would not necessitate the abandonment of tho ‘Elements of Euclid’ 
as a text-book by such teachers as still preferred it to any other, as it wrnuld 
at the utmost involve only such supplementary tiaohmg as is containedl m 
the notes appended to many of the editions of Euclid now in uso; while it 
would greatly relievo that largo and increasing body of teachers, who demand 
greater freedom in tho treatment of geometry than under existing conditions 
they can vonture to adopt. 

Having thus expressed their opinion of tho general merits of the Sy llabus 
as a whole, the Commit!re ha\o only further to add a few remarks on its 
more important features, which may serve to call attention to those points in 
which it differs from Euclid, and which givo it a claim on the consideration 
of all who are interested in the improvement of instruction in Geometry. 

1. Geometrical Constructions, 

* 

It has been found, m tho expenonco of many who have taught Geometry' to 
y6ung beginners, that tho iHainment of a firm grasp of its fundamental con¬ 
ceptions and methods is much facilitated by a series of exercises in con¬ 
structions made with tho ruler and compasses, such exerciaos being given 
either as preliminary to, or simultaneously with, tho study of tho earlier parts 
of Theoretical Geometry. A judicious selection of such exercises is prefixed 
to the Syllabus, and the Committee remark with approval that here, as well 
as in the Postulates of Book I., the use of the compasses for direct transference 
of distances is formally admitted. 
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2 Logical Introduction 

The Syllabus is further prefaced with an introduction, in which aro collected 
together and formulated tho most important logical relations of fht several 
propositions logically associated with a given proposition,namely itq converse , its 
obverse (sometimes called its opposite ), and its contiapositive It is distinctly 
Btated, m a note prefixed to this introduction, that it is not intended that a 
study of tho abstract logical lolations contained in it should pieccdo tho Btudy 
of Geometry, but that tho introduction should bo reftrred to from timo to 
time as instances ot the applications of its principles arise, until the student 
obtains such a grasp of the principles and rules as to bo able to apply them 
without difficulty With this understanding tho Committee regard the pro¬ 
posed logical introduction as a valuable feature of tho Syllabus 

3 Separation of fheoierm atul Problems—Loci 

Throughout the Syllabus, tho Problems, instead of bung interspersed among 
tho Theorems, are collected together m separato sections at tho end of each 
Book This may bo regarded oh equivalent to the assertion of the principle 
that, while Problems aro from their very naturo dependent for the torn, and 
even the possibility, of their solution on the arbitrary hmiiation ot the instru¬ 
ments allowed to be usul, Fheoioms being truths involving no arbitnry 
element ought to be oxhibilul m a torm and sequence independent of such 
limitations In other words, constructions may bo rightly assumed in the 
demonstrations of theorems, whether or not the} havo been shown previously 
to be oapablo of being effected by ruler and compasses, providod only they 
can be seen from the naturo of tho cas<, or bo proved, to bo possible For 
instance, tho existence of tho third part of an angle being regarded as 
axiomat\c, the impossibility of trisecting an angle with ruler and compasses 
only ought to form no obstacle to the proof of a thoorem for which the inflec¬ 
tion of an angle is required It ehouLd be remembered that tho acceptance 
of tho principle hero assorted by no means necessitates in teaching that separa¬ 
tion of Iheoroms from Probloms wluch seems dosirablo m a syllabus It is 
probable that most teachers would profer to introduce problems, not as a 
separate section of gtomotry, but rathor in connexion with tho theorems with 
which they are ossentmlly i elated Tho Syllabus m this respect leaves oom- 
plote freodom to tho toachor 

The early introduction of the notion of a Locus and its use m tho solution 
of probloms by tho intersection of Loci the Gommittoe rogard with favour, nnd 
they observe with satisfaction that the Syllabus nghtly insists on the demon¬ 
stration of two theoroms (a theorem, and either its oonverso or its obverse) os 
necessary for the complete establishment of a locus, a point which is too often 
neglected in the investigation of loci. 

« 

4 Book I The Straight Line 

The Definitions are substantially those of Euclid An attempt to givo & 
real definition of a straight line (Euclid s is only vorbal) is to bo commended, 
though the wording is difficult, and would for a beginner require detailed 
and familiar explanation. 

The definition of an angle is another of the elementary difficulties of Geo¬ 
metry. The Syllabus In a note asserts that w an angle is a simple concept in¬ 
capable of definition, properly so called,” but enters into a somewhat detailed 
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explanation in which tho notion of rotation is freely but judiciously used Tho 
Hyllabus does not (liko Euclid) limit the notion of an anglo to one less than 
two right angles, but it does not explicitly recognize an angle greater than 
four right angles. Possibly, considering the difficulties of expression which 
the complete notion of an anglo of unlimited magnitude involves, this limita¬ 
tion at tho outset is wiso. Tho Committee noto with approval the use of tho 
tom conjugate for tho two angles which, being contained by the samo pair of 
lines drawn from a point, together mako up four right angles. 

They also approve the introduction of tho term “ identically equal ” for 
figures which, differing only in re«]>oct of pomhon, can be made to coincide 
with one another, while tho term ‘‘equal’* is reserved for such as arc equal 
in area, but not necessarily in other respects. 

Tho Syllabus divides the Axioms (as, indeed, Euclid did) into Genoral 
Axioms (Euclid s jtouai rotai ), whirh find their fitting place in the Logical 
Introduction, and specially Geometrical Axioms (Euclid’s mrij/jara), which 
are neaily those of Euclid—that about the equality of right angles being 
omitted, while that asserting that “two straight lines cannot enclose a space” 
is extended so as to assert coincidence beyond as well as botwoon tho two 
points which coincide 

Tho Postulates are thoso of Euclid’s ‘Elements/ with a modification m the 
third postulate, which admits of the direct transference of distances by the 
compasses, as before remarked. 

Tho Theorems of Book I are mainly thoso of Euclid I 1-34, rearranged. 
Tho guiding principle of the rearrangement appears to have boon the nearness 
or remoteness of the thoorems from the possibility of proof by tho direct appli¬ 
cation of tho fundamental principle of superposition, tho free uso of this 
principle being indicated as definable m many cases whore Euclid prefers to 
keep it out of sight. 

Tho discussion of tho cases of identical oquahty of two triangles is rendered 
complete by tho introduction of a theorom asserting the true conclusion from 
tho equality of two sides and a non-included anglo in each, namely, that the 
other non-included angles are either equal or supplementary, and that in tho 
former case only arc the triangles identically equal 

For tho treatment of Parallels, Playfair’s Axiom that “Two straight lines 
that intersect one another cannot both bo parallel to the samo straight lino,” 
has been substituted for Euclid’s twelfth Axiom, and, in tho opinion of the 
Committee, judiciously It may, in faot, bo regarded as merely an improved 
form of that axiom 


5 Book II. Areas, 

This book contains m thirteen Theorems tho various theorems contained in 
Euclid botwoen I 35 and the end of Book IL Beyond noting the fact that it 
brings together more completely than in Euclid those theorems which are 
naturally related to one another, no comment is necessary which is not of the 
nature of that detailed criticism which the Committee do not think it their 
duty to offer 


6. Book III, The Circle . 

In this Book tho sequence of Theorems differs materially from that of 
Euclid, thoso propositions bomg placed first which aro fundamental in tho 
sense that they follow directly from superposition. Other criticisms which 
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might be offered on this part of tho Syllabus are chiefly on points of detail on 
■which the Committee think it unnecessary here to enter 

Ihey would remark, however, with respect to the two modes of treatment 
of tangents in tho Syllabus, that they would not recommend the Bccond 
(depending on the notion of limits) in any case as a substitute for the first, 
however desirable it may be that it should bo freely used by way of illustra¬ 
tion and ns leading up to tho methods of Highor Geometry 

7 Books IV and V Ratio and Propoi tion t and their application to Geometry 

A theory of Proportion which shall be at once perfect !y ngorous and com¬ 
plete is mcossanly difficult The Committee reoogmzo with satisfaction that 
the byllabus doos not attempt to attain simplicity by any sacrifice of rigour, 
nor in Book IV by uny sacrifice of completeness In Book IV the theory is 
essentially that of Euclid m his famous, though (at tho present day) little 
studied, I iftli Book it is suggested, howeur, by an unusually full mdioation 
in this p irt of the Syllabus of the forms of demonstr ition recommended, that 
his theory may be presented in a form more easy to be grasped and applied 
by tho adoption of the late Prof de Moigans notation, in which magnitudes 
are denoted by capital letters, instead of by straight lines and thur multiples 
by prefixing to the capitals small letters denoting integral numbers instead 
of denoting them by longer lines Opinions will probably differ as to the 
wisdom of retaining Euclid’s treatment in any Hhapo*, but tho Committco 
doubt whether any rival thcoiy, which is equally ujorous and equally com¬ 
plete, w ould be more generally accepted 

It may, however, bo thought that this complete theory is one which the 
ordinary student can hardly bi expected to master it au early stage of his 
mathematical studies, even though he may be well prepared for the study of the 
geometrical applications of the theory of Proportion At tho same time it is 
undesirable that tho study of Similarity of TigureB &c should bo commenced 
without Bomo definite groundwork of demonstiated properties of Ratios and 
Proportions The Syllabus suggests a mode of mooting this difficulty by pre¬ 
fixing to Book V an indication of a method of treatment of the general 
doctrine of proportion, m which greater simplicity is obtained, not by the 
sacrifice of ngour, but by a certain sacrifice of completeness, in limiting tho 
magnitudes consult red to such as are commensurable 

The notion of Ratio may be regarded as on extension and generalization of 
tho notion of quantuphuty, the simplest expression of which is contained m 
the question “How many tunes does a magnitude A contain another magni¬ 
tude B?" This question may be generalized so as to apply to any pair of 
commensurable magnitudes in two wavs—tho question taking tho shape either 
“ How many times does A contain some aliquot part of B? ” or else “ What 
multiples of A and B are equal to one another ? ” I he former leads to a 
treatment of proportion such as is usually given with more or less exactness 
in treatises on Arithmetic or Algebra, while tho latter leads to a treatment 
similar in principle to Euclid's, but simplified by its limitation to commensu- 
rables The Syllabus indicates a few of the more important general properties 
of proportion which ought to bo proved by one or other of these methods, but 
leaves it oi>en to the teacher to adopt whicheier mode of treatment he may 
prefer 

1 In the Geometrical Applications of Proportion the Syllabus groups together 

# Prof 0»y1ey u strongly of opinion that it ought to be retained 
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all the theorems which directly depend on the definition of proportion, indi¬ 
cating that the demonstrations are to be adapted to the complete or to the 
partial theory according as tho ono or other has been studied. After these 
follow tho usual standard theoroms on Similar Figures, &c., on which it is un¬ 
necessary for the Comraitteo to offer any comment. 

The Association for the Improvement of Geometrical Teaching has not yet 
published any Syllabus of Solid Geometry Should tho present Syllabus of 
Plane Geometry bo successful m leading to the establishment of a standard 
eequonce of propositions m that subject, it is to he hoped that tho Association 
will continue its labours m tho field of Solid Geometry, where the Committee 
belie\e they are equally noodod 


Results of a Comparison of the British-Association Units of Electrical 
Resistance By (1 Ciirvbtal and S A Saunder*. 

[A communication ordored by tho General Committee to be printed in exftnso 
among the Reports ] 

Difficulties encountci ed *—Tho difficulties of tho kind of measurement wo 
had to make are confined almost entirely to the tonrqierature determinations. 
Wore it uot for Ihose a much higher degreo of accuiacy could bo attained; 
for while resistances comparable with the B.A unit can be measured with¬ 
out difficulty to tho l()(),0()0th part, it is very difficult to detonmne tho tempe¬ 
rature of a wire imbedded m paraffin, ns arc tho wires of the standmds, 
nearer than tho one tenth of a dogroe Centigrade, an error to which extent 
entails in some of the coils an error of *03 per cent, of resistance. 

A mere comparison of the coils at tho temperatures given on page 483 of 
the B.A. Report on Eloctncal Standards (1807)+ would hardly have been satis¬ 
factory, since it would have given no chock on the accuracy of the observa¬ 
tions and afforded no information as to the temperaturo value of a variation 
in resistance, and conversely. 

Object aimed at —The object aimed at in tho expenmonts was to get the 
differences botwoen the resistances of tho several coils at some standard 
temperature, and also the coefficients of variation of resistance with tempe¬ 
rature m the neighbourhood of the standard temperature. 

That it is inadmissible to apply to any given coil the variation-coefficient 
for its supposed material, as found by Matthiesson and others from experi¬ 
ments on naked wires, is abundantly evident This appoars very strikingly 
in the oase of coils Nos 2 and 3 (A and B in our subsequent numbering), and 
an examination of the results of Lenz, Arndtsen, Siemens, and others for 
platinum shows that within certain limits its behaviour is very uncertain. 
This arises no doubt from tfce prosenco of more or loss indium or other 
platinoids, a small admixture of which, without altenng the valuo of platinum 
commercially, affects its electrio resistance very considerably 

* In the spring of last year a series of experiments was made by one of the authors 
(G-. Chrystal) with a view of comparing tho different resistance-cods of the set of British* 
Association units formerly deposited at Kew Observatory and now in the Cavendish 
Laboratory at Cambridge In the month of October a final set of experiments was made, 
which was the work of Doth of us, sometimes working together and sometimes separately. 

t Or Reprint, p 146. 
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Preliminary ixpenmcnts — Tho preliminary experiments gave the differ¬ 
ences between the coils and the variation-coefficients approximately 

The results appeared m sonic cases different from former measurements, 
so that it was thought better not to rclv on these, but to mako a more careful 
set of experiments on which to found tho final comparison, 

Afipnwimatec-ocffincnt (if “ Fiat Coil 11 and Middle Cod *—-The variation- 
coefficient ot the “Plat Ch>il ” w 7 us taken tiom the preliminary experiments 
This was given by a fairly good senes of experiments, and a first appioxi- 
ination wmh considered sufficient, suite tho coil dunng the final expouments 
never vaned m tempeiature more than two degrees, being ulways bathed in 
the tap-w ater A Himilar it murk applies to the middle coils The toils used 
for middle coils were 2d and 4 j (F and (J) when neither of these was being 
measured, m which cuse 2 and 13 (A and If) were used The coefik icnta of 
these coils, ho far as requned ior small tempeiature-corrections, were* taken 
from the preliminary experiments. 

Method of fijH nmentnnf —-The method used in tho final experiments was 
as follows —■ 

Fnst All the coils (the flat coil, tho two middle coils, mid the coil to l>e 
compared with tho flat coil) were* bat hed in a sir cam of tap-water, the tem¬ 
perature of which was carefully t ikon by means of a Casella’s theimometoi 
(lent us by Mr (Jordon), reading to tenths of a degree (Vntigiado and easily 
estimable to hundredths Alter the temperature ot the stream lmd been i ou¬ 
st ant for twenty minutes or so, the different e between the coil to be compared 
and the flat coil w found 

tSetontfhf Another senes of experiments was made in which the Hat coil 
and the middle unis were kept at the tempeiature ol the tap as before, but 
tho remaining coil was reused by carutul nursing, whnh lasted hvo hours or 
more, to tho temperature (oi to one of tho tempoiatuios) at which, ac¬ 
cording to tho 13 \ ltojiort, it ih coned 

Litsthf . Tho coils were compared with each other at the standaid tempera¬ 
tures, tho middle coils being kept at the temperutuio of the tap-w r ater. 

Vanation-coffment <f, how found —The first two sets woro used togno tho 
variation-oodfiueiiK being peculiarly fitted to do so, becauso in them the 
temperature ot the flat coil did not alter much in comparison with tho altera¬ 
tion in the coil compaiod with it 

Differences betwien the (cu/s, how found —Then using tho low-temperature 
experiments tho diffeienceH of roHibtuneo between the respective coils and the 
flat coil (all ut 10° C ) were found 

Contiol capernnmts, how used ,—From this, ot course, the difference 
bctwxxm any two coil* at any temperatures could bo c.dculatod Tins was 
done for tho old standard temperatures, and the results compared with tho 
results of direct experiment obtained from our third set of experiments 
This gave a tost of the accuracy of our wmik , and it is on this mainly that 
wo rely in dunning to have statod the temporaturos .it which the coils are 
equal within 0° 1 0 in all cases. 

Deyree of accuracy —The degree of accuracy of resistance vanos, of courso, 
for the different coils For the platinum units 0° 1 C coiresponds to a 
variation of *03 per cent, icsistance, for the platinum-silver to about *002 
I>or cent. 

In the B.A. Report, 1865 (p. 303)*, all the coils are stated to be accurate at 
thf temperatures mdicatod within 01 per cent. This corresponds to about 
£lo thirtieth of a dogreo Centigrade for the platinum units. It is not stated 

* Kepnnt, p 137 
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bow this degree of aocuracy was attained. Some such statement was per¬ 
haps necessary, considering the difficulty of controlling the temperature of an 
maooessible wire, even within 1° Centigrade 
Arrangement $o, of apparatus ,—The instruments used m these experiments 
for resistance measurements were theWheatatone’s bridgo and Thomson's gal¬ 
vanometer belonging to the Association The arrangements in the low-tompe- 
rature experiments were as in the annexed figure At one corner of a large 



table is the bridge A B (sec B A. Report, 1864, p. 853*) , by means of mercury- 
cups at D and G, are inserted the flat coil and the coil being compared with it. 
at E and F are similarly inserted the middle coils, which were always two of 
the units, as small and as noarly equal in temperature-variation as possible. 
X, Y, 2 are three earthenware jars in which the coils are placed; these stand in 
a trough, V W, provided with a waste-pipe going to the sulk. The jars were 
kept constantly overflowing by means of a feed-pipe fitted with an offset for 
each. The temperature in all three jars was carefully observed, and it was 
found that after the tap had been turned on for fifteen minutes or so the 
temperature in all three m general became constant, and remained so within 
a tenth of a degree for a long time. Now and then irregularities occurred, 
which caused the rejection of the results concerned Thin wires go from E 
and from the oontact-hlook C to the galvanometer at the other end of the 
table. The last adjustments of the balance were made by observing the 
spot on the galvanometer-scale with the telescope from where the ob¬ 
server sits. The battery-circuit terminates at H and J, and is made and 
broken by means of a treadlg worked by the observer’s foot. A small 
I*dauchu* cell was found sufficient to indicate a deviation from balance 
of a tenth of a millimetre on the bridge-scale. Since the contact of the 
block*piece could not be relied on within loss than this, no higher battery- 
power was ever used. 

Thermoelectric disturbances. —To avoid ttemoelectrio currents, owing to 
the junction of oonper with brass at the block, the button of the block-piece 
was never touched by the fingers, but always by means of two pieces of 
wood, which* ware exchanged now and again to prevent heating. It was 

* Reprint, p HO, 
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found impossible to avoid this disturbance altogether, and accordingly the 
following mode of procedure was adopted — 

Direct magnetic distuibances —We first carefully investigated whether 
there was any direct magnetic effect on the galvanometer owing to the 
currents in the apparatus ; this was done by simply short-circuiting the 
galvanometer No such offset could be detected Being assured of this, we 
always operated as follows —-Threw in the galvanometer by pressing down the 
button, then allowed the needle to come to rest with the small permanent 
deflection due to the thermoelectric current If now, on pressing down tho 
treadle for an instant, there was no motion of the apot, wo concluded that 
there was a balance It is to bo noticed that since wo aro near balance 
the battery-circuit is conjugate to the galvanometer-circuit, and that, there¬ 
fore, making oi breaking the battery-circuit does not alter the effective resis¬ 
tance opposed to any electromotivo force, thermoelectric or othor, in the 
galvanometer-ciruut (Of this we also assured ourselves by direct experi¬ 
ment) Another advantage of this method i« that it ensures the least 
possible use of tho battery, and thus avoids disturbances from heating 
During our final experiments both of ua had acquired by considerable prac¬ 
tice an acquaintance with the indications of tho galvanometer, which enabled 
us to adjust tho balance quickly, and thus secure in greater measuro the 
advantage above mentioned 

Self - and mutual twluchon —It is also worth remarking that from tho 
way the BA unit coils are wound, and from the genoral arrangement of 
the apparatus, neither self- nor mutual induction could have any sensible 
disturbing effects in our experiments *. 

Method of using bridge far finding coefficients of variation Sfc —In finding the 
variation-coefficients of the coils the bridge arrangement was used in the waj 
described in the llcport on Electrical Standards, 1804 (p 353, <fcc); but in 
finding the difference between tho resistances of two coils, tho method de¬ 
scribed by Prof. Foster (in tho Journal of the Society of Telegraph Engineers, 
October 1874) was used In this method the bridge is first rood with the 
normal coil and the coil to bo compared with it in one position, and then 
the coils are interchanged , tho difference of the bridge-readings gives the 
required difference of resistance m units of the bridge. 

Bridge-units —Tho unit in which we shall state our resultB further on is 
the resistance of a tenth of a millimetre of tho hndge-wire, which is a metre 
long and has a resistance of about 075 ohm. 

Calibration of bridge and thermometer .—The wire was carefully calibrated, 
but no errors were found large enough to affect our results 

The thermometer used was also compared with a standard thermometer 
belonging to the laboratory, and the corrected temperatures are in eveiy 
case given. The degree of accuracy attained in this last comparison was pro¬ 
bably about -05 Centigrado 

Description of cods in the case. —In the case containing the coils there 
are altogether fourteen coils. Five of these are multiples of the unit, vis. 
2, 3, 5, 8, and 10, and have brass labels on them , but the inscriptions have 
never been completed by filling in the last two figures of the temperature at 
whicl^ they are equal to the standard. We have not been able to get any 
description of these whatever,„ and have therefore not measured them. 
* Resides these there accompany the box two ooils marked A and B, which 
are not finite, and a flat coil described as a normal coil, besides a set of 

* Another precaution of low importance was to cover thopUtinumdridium wire of the 
bridge with Rece* of wood to vereen it from du*t and radiation from the body of the 
obeerver. 
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tubes for mercury units. Tiie flat ooii we usol and found vei’y convenient, 
both from it 3 stiapo and on account of its urn ill variation-coefficient, 
which was only 34 per dog Font in tho ubovo -mentioned units 
The case contains altogether mne unit coils, w/ — 


2 Ft h 
2 Au Ag 
2 Vi 
8 rt \g 


Nos 


2 and 3. 

57 and 58 
85 and 8b 
0, 48, and 29. 


Of tho first six, all except 57, which wo have not measured, are mentioned at 
p. 149 of tho lteporU, but nouo of them have proper labels. All, howovor, 
weie marked in some way or other so as to be identifiable. Of the list three 
ail have labels, which uro complete in 0 and 48 Nos 0 and 29 do not 
appear m tho lteports The tomperatiuo on 13, which does appear, agrees 
with that given on p 140 We used 29 as a companion middle coil to 48, 
bocuuso its variation-* oelhciont was small and nearly equal to that of 43, 
but otherwise we have not bestowed much care on it 

Cods measured -Tho coiLs which wo have measured are, therefore, 2, 3, 
58,85, 89, 29, 41. These wo call for convenience A, B, 0, 1), K, F, (1. 
Tho normul coil ib the flat coil at UP Centigrade, This temperature is 
chosen because it was tho lower limit of tho temperature of tho tap-water, 
which varied on different days fiom 10° to 12^, though it was very constant 
during a good part of any one day. As far as our expeuenoe went, the use 
of a stream of tup-water wus tho best as tv ell us most convenient way of 
reducing the coils to a known temperature *. 

Results of comparison tlu first statemt nt — The following Table exhibits our 
results m tho way which lies noorcst tho method by which they wore ob¬ 
tained :— 


It stands for resistance of flat coil at 10° C 

X „ ,, of tho lespcctive coils A, B, &c at 10°C 

\ „ variation-coefficients 


Cod. 

X. 

No of roHulta 
olwhiihmean 

Gruitcat dcu¬ 
nt ion from 
mean 

It-X 

No of result** 
uj which moon 

OrunUBt don¬ 
ation from 

mean 

Flat ood 

34 


: 



A 

197 

5 

4 „ 8t,7 

5 

19 

B 

200 

3 1 

a 8ii 

3 

1 3 

0 I 

in 

6 ] 

r> 

159 

2 

2 

D 

401 

10 

r» 

2071 

5 

1 24 

B 

393 

3 

4 

1954 

3 

8 

F 

28 

1 


-82 

1 


G 

35 

1 

! 4 

. 

2 

-57 

_ _ 

2 

0 


Second statement —The above is the most convenient form of representing 
our results, but for the sake of comparison we give also the following (Y 
now stands for the resistance of the coils A, B, C, &c., at the temperatures, 
or at some one of them, given at p. 483, B A. Eeport, 18671):— 

* Dos of ua, in endeavouring to find the conductivity of paraffin, ban unco found that 
the temperature of a wire imbedded m a much greater tlncknws of paraffin than there i* 
in the B.A. coda, roaches the temperature of the tap-water m considerably less than an 
hour, the paraffin-jacket having been at a temperature of about 30° throughout to start 
with t Bopnnt, p. 146. 
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Coil. 

Temp m Report 

R-Y 

A 

16 o 

—315 

B 

15 8 

-319 

C 

15 3 

— 344 

D 

15 7 

-215 

E 

157 

-286 

F 

Or 

i 

152 

-239 


It will thus be seen that B and C are practically equal at the temperatures 
given, while A does not differ very much from these, D and E are not very 
different inter se, but differ somewhat from the first three, while G, con¬ 
sidering its small coefficient, is considerably out 

Statement of standard temperatures -—It wo consider B and C to bo right 
at the temperatures given above and redueo the others so as to be equal 
to them, wo should get the following Table of standard temperatures — 


Coil | Standard temp 


A 

B 

O 

D 

E 

F 

G 


o 

mi 

158 
15 3 
m-o 

158 
19 4 
18 2 


JResults of control experiments —In the next place we give the results of 
our control experiments, in which the several coils were nursed to tempera¬ 
tures very near those given in the Beport, and then compared with each 
other. Tho small delations from the temperatures m the Beport arise from 
theimometer corrections The differences thus found are given Bide by side 
with those calculated from the data given above , the differences are given 
in the next column, and m the laBt the greatest possible difference, owing to 
an error of 0° 1 C. in temperature determination. 


Coile 

Temp 


Calculated 

1 

i . 

i 

a. 

Difference, 

Maximum 

Difference 

A 

l869 

B-A 

84 

20 

+ 14 

40 

B 

1/WI9 

C-A 

42 

19 

+23 

29 

0 

15 20 

B-0 

-8 

+ ^ 

-10 

29 

D 

15 59 

c-n 

103 

180 

— 17 

49 

B 

15 49 

1 0—E 

132 

no 

+ 13 

48 

F 

1345 

E-D 

31 

70 

-39 

79 

G 

1611 

C-G 

100 

102 

- 2 

13 



G-D 

68 

43 

+20 - 

44 



O-G 

100 

103 

- 3 

13 



O-F 

158 

UO 

+ 6 

12 



G—F 

50 

50 

+ 6 

« , 


It appears, therefore, that the differences between the observed and calcu¬ 
lated values are always leas than what would arise in the most unfavourable 
ease, owing to an error of 0°*1 C. in the temperature determinations. 
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Roujh comparison of coefficients with Mattiucssen’s —It is ptrhap* worth 
while to give the following rough comparison between the results tor the 
v ariatiou coefllcients which we have obtained m the neighbourhood of 10° C 
witii the mean results of Hutthiessen 



I or co H in 
por 1° C 

reuse 

M ttl 

Pt Ir 

1 O 

O ) 

Au A„ 

071 

Ota 

Pt 

100 


Pt Ag 

, » 1 1 
\ tu ' 

0^1 


There is no Ktrikuig difference exetpt in the caso ot Pt Ir where the 
alloy of which the coil is made must ipirouh much nearer a pure metal 
than Matthiossen s alloy (lit per cent in hum) lid 

Discrepancy in Coil (J i itk forme > me w e i Us The only other point to 
which we have to call attention is the disuo^ancy bitweon h imer and 
present measurements in the coil G, whose resistaueo seems to have gono 
down since it was last tested 

In conclusion we venture to suggest-two alterations m the construttion of 
standard coils which, is far as our experience goes would be impiovcments 
hirst to make tlum flat instead of cylimlncil Hus would facibtute 
stirring when the cods art immersed in an) liquid 

Secondly , to insert as nem the wire as possible a properly insiiluted junction 
of a thermoelectric couple the other ]u net ion ot which should be fastened on 
the outer case of the coil Several of theso fitted to each coil would do away 
with a great deal of the trouble and uncertainty attending the temperature 
determinations required in comparing and copying standards 


Third Report of a Committee, consisting of Frol: A S Hkrschkl, 
B A., F R A S, and G A Lebour, F G S , on Experiments to 
determine the Thermal Conductivities of certain Rocks t showing 
especially the Geological Aspects of the Investigation ♦ 

Th* object originally proposed by the Committee was to arrange and classify 
the most commonly occurring rocks experimentally according to their powers 
of conducting heat, and it has hitherto been eo far successfully attained that 
tho thermal conductivities of an extensive senes of ordinanly occumng rocks 
have been shown to differ frobi each other on a ver> strongly marked scale of 
gradation, which it was endeavoured to represent graphically in the Com¬ 
mittee's last Report by a senes of ascending steps oi absolute thermal resist¬ 
ance, or resistance to tho passage of heat offered by tho different rooks To 
every 200 units of this ascending scale u now letter of the alphabet, starting 
with A for the interval 0-200 of absolute resistance, was assignod, tho values 
of the resistances wore shown graphically, and the various rocks that arrange 
themselves under the several classes so termed could be readily discerned. 
By adopting this graphical mode of representation the values of certain 
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thermal resistances observed during the past ytar and communicated in this 
fteport may bo exhibited with equal clearness, aud an tasy comparison may 
by this moans be made of the values found in this and last jour’s senes of 
experiments where the sirne ro k-spccimcns, or speenm ns of very closely 
allied kinds of rock, woro submitted m the burner and in this years senes 
to examination A slight chingt, however is here mtiodu^cd in briefly 
describing the results obtained nunuric ill), by employing, instead of the sig¬ 
nificant hguros of tkisc results (as \\ is dmi m the Just Rcpoit), the tenth 
part of them as a butt ixprcssim In the absolute thermal cmdiutivitj 
Thus the absolute therm il conduitivit) ot gait nu in the pit sent list being 
0 00705 in ceutimctic gtummt second units hitherto chs nbtd for brevity by 
its significant hgiues 705 will be spoken of in this Report as 70 *>, to which 
the meaning may umvi minify be attached that 70 jgi amine degree units of 
heat per suond pass through a pi ito of gilerni one centimetre thick, having 
an area of one hj uu e tut**, for a tcmperaturo-diffoiuico of one degree be¬ 
tween its fices 

The method of investigation without the use of a thermopile has hitherto 
proved unsuccessful, no solt material capable of cth cting a close junction 
with the rocks huving yet been found of suffiuenll) constant resistance to 
afford a useful stinelard of eompaiison with them when tho rocks aro intro¬ 
duced between its Id)irs but tho progress of (he investigation has shown 
that a simple water-film (if it could be pit served from diying oft with poious 
rocks) effects a complete junction betwten them and any impervious surface, 
as that of cioutohouc, ugumst which tin y me pressed A similar him ot oil, 
it appears from some expenments molded in the present list, is less effective 
for the purpose and to ensure a constant water-film in which the thin wnos 
of the thcrmopilo could be placed, puces of well soakul bluddei kept soft m 
water rendered antiseptic with caibolio ucid were laid on the indiu-rubbor 
faces of the boiler and cooler, so as to prows the thormopilo-wires against tho 
rock with a constantly moist and uniformly wet surface ihe duration of an 
experiment and the temperature to which they were exposed (usuall) be¬ 
tween 100° and 1 J0° k ) W'oro never so gnat as to cause the bladdois to 
approach dryness beforo tho termination of the experiment The proportion 
oi moisturo absorbed by tho locks (when sensibly porous) was ascertained, 
and it was always such a small fraction of that imbibed by the same rocks 
thoroughly soaked m vacuo that it probably exorcised a scarcely sensible 
influence on the results Its amount, and that of the full quantity of water 
absorbable by the porous rocks tested, is stated m the list and from the 
corresponding alteration of the observed conductivity some idea of the pro¬ 
bable correction neoessaiy to be applied for tho prosenoc of moisture m some 
of the porous rocks during tht proctss of tho experiment may bo obtained 

The two chief defects of the thermopiles used hitherto had been thur 
thickness (making thorn intrude too far from the rock surface into the badly 
conducting strata with which it is in contact), and the false thermoclcutnc 
currents proceeding from irregularities of material and internal condition of 
the wires subjected to great varieties ot temperature along their length lo 
diminish the former source of error, wires less than halt a millimetre (0 40 
millim , or inch) m ^diameter were used and neatly soldered at the 
junctions, and to counteract os far as possible the remaining evil, they were 
chosen of the most dissimilar metals (iron and German silver), and twelve 
* Junctions above and twelve below the rock-plate formed a continuous circuit 
giving a very strong thermoelectric current The whole resistance of the 
circuit (including the 20 ohms usually added to bnng its indications ton-% 
vemently within the scale of a Thomson’s reflecting galvanometer) was 40 
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ohms when the wires were coupled for observing a difference of temperature; 
and it was assumed that, with this resistance and with the probable tendency 
of twelve wires similarly ciremriHlanc^d to neutrali?e each other’s false effects, 
no sensible errors from local disturbances would arise. The instrument was 
submitted to some cureful tests, with a result that, at the highest temperatures 
of tho experiments, error h in the temperature-differonee amounting to about 
1 L 'F may have bean commit ted At tho ordinary temperatures of the wires 
between 100° and 120° Y it was found, by substituting a honted iron disk 
(coated on tho faces with thin pnpor) iu tho plur© of a rock-plate, so as to 
heat both sets ot wires equally, that tho only permanent deviations produced 
as the plate sunk very slowly in temperature also sunk gradually with it from 
au oquivalont value of about to about |° upon the scale As the correct¬ 
ness of tho small tempemtmo-differences (of 6 C and upwards) lj mg usually 
between the abm o two If mpcrulures was thus fairly cheeked, and for exception¬ 
ally higher difleronces and temperatures tho conditions could not easily be more 
exuctly assimilated to those of tho uctual experiments so ns to control and 
estimate them, tho eftects of those small eirors have not been further regarded 
in the calculations , but m order to avoid changes of value in the divisions of 
the scale, and to enable tho actual temperature of each sot of wiro-junctions 
to bo directly observed, an arrangement of the thermopile was made by whioh 
each set of junctions could ho separately combined with a similar set in con¬ 
tinuous circuit with the galvanometer placed in a small rectangular water- 
bath. Tho latter is made of tin, and, as well as its lid, is well jackotod with 
cork, and provided with an agitator, so that by adding hot or cold water, 
which can be withdrawn below, any temperature of tho water in tho bath 
can bo obtained. A simple commutator enables the circuit with the galvano¬ 
meter to be closed, either through the two principal sets of junctions or 
through one of them and through a sot corresponding to it in tho bath; so 
that by changing the tcrnpoiature of tho latter until no current passes through 
the circuit tho actual temperature of each rock-faco could bo observed This 
mode of observation is free from all objections, excepting those of false 
currents arising in long wires and plates of the same metal maintained at 
very various temperatures, but with the exception of tho twelve loops of 
German-silver wiro projecting on one side from the rock-plate, tho corre¬ 
sponding loops on the othei side, and all the rest of the circuits made to tho 
galvanometer, were formed from the same piece of iron wire fieshly annealed. 
The comb-like teeth of the commutator are pieces of narrow hoop-iron about 
3 inches long, closely set together in wood, and also thoroughly annealed, to 
which the proper terminals of iron wire are soldered at their feet, while the 
upper ends are filed to chisel-edgos; and a email hand-rack of iron wedges set 
on wood at proper distances apart, thrust between them in different positions, 
completes the connexion m tho three different orders that are required. The 
additional branch wires used in the arrangement ore fow, and, as will be seen 
from the following description, add veiy little to tho total lengths of iron 
wire which conduct tho currents The twelvo-turn coil of wire m which the 
rock is pressed consists of twelve half-turns or loops of German silver and 
the same number of iron loops. The twelfth loop of German silver 
figure, p. 22) completes the circuit or connexion from the beginning to the 
end of the coil through the medium of the galvanometer. There are 
thus twelve junctions of dissimilar metals above, and twelve below tho rock- 
plat© in a closed cirouit with the galvanometer. To produce a new set of 
twelve junctions corresponding to each of these, the loop* of German-silver 
wire are all cut through in tho middle, and the free ends soldered to twenty- 
four short pieces of iron wire, the junctions being laid side by side across a 
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narrow water-tight trough formed of three or four rectangular washers of 
caoutchouc laid on a shoot-caoul/chouc floor, upon which the sides of the rectan¬ 
gular tin bath, open at the top nu 1 bottom, are pressed down Th^ tin bath is 
6 inches long (the mime as the width of the rot k-soct ions), ntnrly the same 
height, and 2 inches wide , and it is providod with a false Jmttom, through 
tho perforations of which tlio Wator reaches the wires, and is kept agitated 
above by a thermometer passing through n longitudinal slit in tho lid and 
attached to n small tin blalo, without injuring them Tho twenty-four 
extremities of iron win* projecting 1 or 2 inches beyond the bottom of the 
bath are there soldered to the iect ot twenty-four teeth of the commutator, 
and the twelve iron wedges of the hand-rack hmng inserted between the 
points of these teeth, completes tho circuit connexion in the ordinary way for 
observing a difference of temperature between the two prmnpiil seta of 
junctions of the thoimopilo As a proof of the trustworthy action of the 
instrument, it may be mentioned that when, in the course of an oxpenmeut, 
tho reading of tho galvanometer with tho thermopile thus joined up was 
being noted, and water of various temperatures from 60° F, to 100° F was 
poured into the bath where the twenty-four supplementary junctions are 
placed and are all included in the circuit, not tho smallest effect was pro¬ 
duced upon tho reading ns soon os the water in the hath had by gentle 
agitation become uniform throughout in tompeinture Not only arc the two 
opposing sets of twelve junctions heated in the bath on tho average all of 
exact]j equal force, so as to halaneo each other, hut the fa]so currents, which 
in such ranges ot temperature must be evoked with sensible intensity if any 
of them should prevail, either neutralize each other exactly or are entirely 
absent, as it appears equally probable to eonjetturc, m this portion of tho 
apparatus. As legardu formation of the circuit through one of the principal 
seta of junctions only, accompanied by a corresponding set of junctions in the 
bath, this is accomplished as is represented in the annexed outline sketch, 
where two pairs of junctions only 
(<i b, a' b '), above and below the rock- 
plate, are shown, thin hues represent¬ 
ing iron and thick lines Gorin an-si Ivor 
wire B is the bath in which the 
supplementary junctions, ob¬ 

tained bystfvormg tho loops of German- 
silver wire, as at ss, are immersed 
Tho two extreme half-loops and cor¬ 
responding tooth of tho commutator 
servo to complcto the cncmt with the 
galvanometer; and the arrangement 
lor evorj’ additional sevored loop of 
German-silver wiro introduced be¬ 
tween them will easily be apprehended 
from the single intermediate one, ss , 
here shown. Tho iron wedges, w tv w, 
of the rack-piece pushed downwards 
between the yielding iron blades of tho 
commutator are shown by black dots, 
forming a circuit in the usual manner 
for obtaining a reading of difference 
of temperature between the junctions 
aa\bb\ Each loop or half-turn (ft/ff, 
b'/W) of iron wire is continued past 
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the upper junctions (a, a') and earned through the bath to a separate tooth of 
the commutator; aud by moving the wedges of the rack-pieco together one 
tooth-spacu to tho ^ight or left (as shown in new positions by a x in. the 
figure), combinations of junctions in the bath with junctions (««') above or 
(66 f ) bel >w tho rock-plate are put into connexion with tho galvanometer. 

By tho same mode of trial us before, a heated iron plate coated with thin 
piper being substituted in the place of an experimental plate, the tempe¬ 
ratures of its two faces, as exhibited by the thermometer in the bath when 
the commutator was shifted from one of its two supplementary positions to 
the other, were sensibly the same an the heated plate slowly cooled, and no 
false difference of temperature arising from false currents differently excited 
m the two circuits thus joined up were found to be indicated as a result of 
several su< h determinations of tho really equal temperatures of the two faces 
of tho pi ite This mode of obnervmg the actual temperatures and the 
temperature-differences of tho rock-faces m tho present senes of experiments 
was therefore constantly ciuploved, aud the values of tho scale-divisions in 
degroes for the other more usual method of employing tho thermopile were 
not determined with spec ml care, although this adjustment of the commutator 
was also used to check and follow tho gradual variations of temperature- 
difference that were less npcodily, although more certainly, mcasuied by the 
ubaoluto method ot determination. The only ease of failure to observe a 
Bonsiblo difference of temperature between tho two sidos of an experimental 
plate occurred with non-pyrites, which (as well as galena), being a good 
conductor of electricity, it was found neccssarj to coat with two thicknesses 
of the thinnest tissue-paper on each face, and the apparent difference of 
temperature recorded (which was decidedly less than 1°) may have arisen 
from the resistance offered by the slight obstructions ot these thm paper 
shoots (soaked with w ater) to the passage of tho heat. although certainly very 
groat, no definite value of the thermal conductivity of ordinary iron-pyrites 
can therefore bo assigned. It was also nocossuiy to use oil junctions instead 
of wet bladders, from the galvanic effects produced by the saturated salt 
solution, when rock-salt was tested , and it appears probable from some 
measurements of quartz with tho same kind of luting that the conductivity 
of rock-salt thus found is somewhat less than, rather than likely to be in excess 
of, the real thermal conductivity of that substance. Ab a good assurance that 
when membranes wetted with water wore used to press the thermopile 
ngainBt the rocks the true temperatures of their faoes were very nearly 
marked, the experiment with iron -pyrites may be instanced, as the email 
temperature-difference of less than 1° could not have been observed if tho 
wires were not very nearlj indeed at the sunie tomperaturo as the two paper** 
covered faces of the pyrites against which the) were prossed , and as the 
circumstances of their adjustment in other cases were exactly the same as in 
this instance, it may be assumed that the method of pressing the thermopile 
against the rocks with wet bladders adopted in tho present senes of experi¬ 
ments exhibited the true temperature-difference of the faces, end afforded 
correct values of the thermal conductivities The pressure was applied by 
means of sti-ong spiral springs (instead of tho weights described in the lost 
Beport), whose extensions in a graduated tube indicated the pressures which 
they wore made to exert. The pressure thus applied was usually 80 lbs, 
upon & surface of nearly 20 square inches of tho rock-plates, or about 4 lbs. 
per square inch. The general agreement of the results with those formerly 
obtained also serves to verify the correctness both of the thermal conduc¬ 
tivities now assigned and of those previously observed. Tho principal 
differences in the two methods of determination consist in the mac of an im~ 
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proved thermopile, and m the substitution of wet membranes for the pre¬ 
viously employed moist luting of net Lnseed-meal m the present senes.- 
Where considerable discrepancies still exist, the discordance is rather to be 
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ascnbod to the numberless Hmall precautions required to eusuie perfect 
accuracy, than to any constant errors of tho methods with which either of tho 
two aeries of (Interim nations is now belie vod to bo affect cal. 

In concluding this description, sonic remarks on the results of the new 
experiments that have beta i .lined out will seivo to show what now data 
have been obtained, and how far the obsei vat ions mado lust year me corro¬ 
borated and continued by tho slightly modified apparatus and method of 
procedure that has been adopted to extend the sene* 

Among the points of pmn lpal liupoituMOo noticed last year the following 
facts ot gioat interest already ascertained have now been verified and con¬ 
tinued Uuaitz is still found to have about the same high theimal conduc¬ 
tivity (8.V^S concisely cvpiessed, as o\plmned tit the beginning of this 
Report) compared to tho other rocks which hod been previously observed. 
Tho dno< tmn in whuh lie it is tianamittod tbroiigli date is a very important 
condition in rt gnrd to its coiuhn tmi*-po\vei —the conductivity of good Welsh 
(]‘\ i htimog) slate cut auoss the clr t\age being, however, to that of a plate of 
tho same stone cut parallel to the chav ago pi mes, as 3 H liom tins year’s 
oxpenments, instead of 6 3 \eiy r noaily, as oliserved m tho sumo shite 
spot mums Listytir Tho not ihle part of this <hffoi< noo of the two years* 
obseiv at ions is in tho better-iondm ting cioss-uit plate (^4 instead ot* OG), 
although tho otliei hsH-couducting plate (HI o and H2 5) has nearly tho sumo 
conductivity us it appealed to liavo hist year CJleuviigo-fnutures which tho 
cross-cut plato bus nuftend, nml then upairs, r< mlering its surfaces uneven 
and tho v\ uter-pmcl ion contacts consequently somewhat imperfect, have 
piobably caused this app ircut loss of conductivity in tho transversely cut 
specimen ot elate But this latter still exhibits a much higher thermal con¬ 
ductivity thnn that shown by the plato from the sumo piece of slate cut 
parallel to its olcavage-plancs A less distinct difference was found this 
year in similarly sown and tested plates of day-slate cut across and parallel 
to the planes ot cloavage or ot loliation , but the stronger kinds of tho atone 
which supplied a transverse section (as well us the loss fragile plates cut 
parallel to tho planes of cleavage) presented the appearance of cleavage and 
foliation only very imperfectly, and much less remarkably than the specimens 
of ordinary slate from Wales Tho thermal conductivity of tho soft clay- 
slate is also less in all directions (26-28 5) thnn tho least observed conduc¬ 
tivity (HI 5) of Welsh slate cut parallel to its cleavage-planes 

The observations of the effect of moisturo m increasing tho conductivity 
of the porous rocks, when thoroughly saturated with water, entirely corro¬ 
borate tho similar observations mado last year When the great pressure 
required to force a sensible quantity of water through such rocks as sandstone 
and others which were tested is compared with tho very fecblo current* 
which differences of temperature and of density of tho w ater in their cavities 
can produce, it appears evident that the very marked increase of conductivity 
observed m such cases cannot bo owing to convection- or gravitation- 
currents m the water which the saturated rooks contain, although the 
mobility of the liquid by diffusion and consequent mtermixturo of its mole¬ 
cules probably assists tho direct condmtmg-power of water in the transmission 
of tho heat, and the resulting conductivity of water, free from the action jpf 
convection-currents, appears to be at least equal to that of some rock-species 
whose thermal conductivities are either the last or nearly the lowest in tho 
present list 

The thormal conductivities of certain new species of rodca are now also 
assigned, the values of which, although they arc few in number, appear to 
possess considerable interest from a mineralogical as well as from a geological 
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aspect Borne crystalline rocks and minerals of simple composition (and of 
the cubic ey-item of crystallization) wctc selected, and, like quartz, they 
proved to have heat-conducting properties in n high dogroo The thermal con¬ 
ductivity of iroii-py nte*, resembling apparently that of the metals, could not, 
from its high value, be accurately determined by the method of, experiment 
pursued , and it is accordingly omitted (as undetermined) fiomthe list. The 
diathermancy of rock-salt for the heat radiated and absorbed by tlie oiled 
surfaces between which the trial plate of it was placed will not account for 
more than p irt of the heat which the plate actually transmitted, and 
the high position of tins substance in the list is consequent]) due to a really 
high conductivity which rock-salt possesses (about 113), greater than that 
of quart/ (85 SH), and evou of fluoispar (024), the substance found to rank 
next to it in high conduoting-powor A specimen of galena nearly pure, but 
enclosing a few fragments n{ quart/, presented tho highest thermal conltic- 
tivity (704) next to that ot quait/ A pi ito of Boft, white, opajue calcite, 
perfectly but lmgularly cry stallizod (forming vein-stuff in Thftoji sandstone), 
agrees exactly' in its thermal eondiictiuty (4fi 7) with various kinds of marble 
(40-40) winch were tried hist year. On tho other hand, a similar spooinien 
of heavy spar (bauum sulphate) from a mine of that substance ii^ar Exeter 
presents, in spite of its great density, a rematkubly low thermal conductivity 
(17-18 in two experiments), not \ory tar romo\ed lroin that of English 
alabaster (gy psum, or ealeium sulphate, 23 4) English plate-gloss (20 4), it 
may also bo remarked, has a low thoimal conductivity, differing not very 
greatly from those of the two biibBtanees last named. Finally, the lightest 
species of rocks examined in the course of these experiments, pumuestone 
end Newcastle house-coal, have also the lowest conductivities (5 5 and 5 7) 
hitherto presenting themselvcH m these investigations 

As, with tho exception of rock-salt, clay-slate and clvan, house-coal and 
pumicostone, no new thcimul resistances of gicat importance, in a geological 
point of mow, are added in the prebont list to those already exhibited in tho 
diagram of these Itepoits (\ol for 1875. p. 59), n new graphic representation 
of tho resistances now found ia hero deemed unnecessary— the values of the 
absolute resistances furnished m this Table enabling them to be added without 
difficulty in that diagram, where they may' thus be exhibited iu the same 
normal scale with the earlier determinations 

The applications to questions of underground temperatures which these 
observations suggest have not yet engaged tho Committee's attention suffi¬ 
ciently to enable thorn to nruve at definite conclusions certain enough to 
entitle them to bo noticed in this Keport Examplos of very' reliable mea¬ 
surements of underground temperatures, buoIi us have recently been obtained 
in the tunnels of Mont Tenia und of St. Gothard, and in the deep vortical 
boring at Kpercnborg, near Beilin (the last of which, although oxtreraely 
deep, passes almost entirely through rock-salt), are ill-adapted to test distinctly 
the relative values of the thermal conductivities of different species of rocks— 
the former two from the irregular surface-configurations, and the last from 
the absence of any change of tho strata through which these borings pass. 
In new also of the many disturbing conditions that affect both the local rote 
of change and tho Actual observations and measurements of underground 
temperaturoB in other bonngs more suitably adapted to exhibit clearly the 
differences of thermal resistance in geological formations, which the Com¬ 
mittee is endeavouring to distinguish and to recognizo in actual cases, it 
would be premature, in the present stage of the investigation, to deal more 
particularly with results derived immediately from those and from similar 
comparisons, the degroe of dependence to be placed on which cannot very 
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cosily be defined The tigrocmonfc which they trust eventually to trace 
between the observed temperatures and tho experimentally determined 
thermal properties of the locally predominating rocks is Irnblc to bo masked 
and concealed by causes of disturbance of so many unknown and unsusjiected 
kinds, that plain and obvious corroborations are not frequently to be expected , 
and tho nature of those causes winch principally tend to disturb tho results 
will probably become better known by tho progress of furthor comparisons 
such as the Committee 10 now endeavouimg to pursue AYhile it was thus 
anticipated by Vrof Everett*, from the slow rate ot tompornture-vamtion 
from the surface observed in the rockt excavations of tho Mont-Ccms tunnel, 
that quart / (which is a principal ingredient of the rock) would prove to have 
a high thermal conductivity, tins piojwrty is now also found to belong to 
rock-salt, through winch the Sjjcrcnberg honng passes with nil average rate 
of tornperatuio-variation (1° F in 51 English feet) so irccly differing sensibly 
from the tn an rate obtained from a mass of similar observations taken in 
other places and refolded by tho Underground Temperature Committee. 
The apparent contradii lion presented by those two cases may possibly prococd 
from a more rapid local rate of variation of temperutuie m the neighbourhood 
of Hperenberg than around Mont (Vms , and the fact that 111 the first 00 
fathoms of ordinary Htrda overlying the rock-salt the observed rate of 
variation was slower than below (contrary to whnt would be expected from 
the relative conductivities of tho superincumbent strata and tho underlying 
mastics of lock-salt), is said, in Jlorr Ranker's description of the obser¬ 
vations, to bo probably accounted for by Die intrusion into the boring near 
its mouth of the waste warm water of the engines on the surface The 
effect, it may be observed, ot a highly conducting mass, like that of the doep 
bed of rock-salt here pencilated, by diminishing the local resistance and 
increasing the flow of internal heat outwards through the Kperenberg strata, 
would be to causo tho local rate of variation of temperature in this locality 
to bo abnormally rapid, and perhaps tins may explain why a slow rate of 
variation is not obsened in Ihn instance, from the great depth of the ex¬ 
cellently conducting rock-salt formation, winch considerably exceeds 3000 feet 
The fiporenberg bonug thus presents examples of secondary conditions which 
Will perhaps prove to be m good agreement (instead of, as they at first ap]>eat 
to be, somewhat at variance) with the results of tho Committee's observations. 


Report of a Committee, consisting o/the Right Hon. J G. IIdbbard, 
M.P , Mr. Chadwick, M . P . , Mr. Morlfy, M P I)r. Farr, Mr. 
Hallktt, Professor Jevons, Mr, Newmarch, Professor Leone 
Levi, Mr, Heawood, and Mr. Shaen {with power to add to their 
number ), appointed f(Pr the purpose of considering and reporting on 
the practicability of adopting a Common Measure of Value tn the 
Assessment of Direct luxation, local and impertaL By Mr. 
Haxxett, Secretary. 

Your Committee, appointed to inquire into the euljjeot of a Common Measure 
of Value in Direct Taxation, have proceeded in this inquiry, have considered 
the matters to them referred, and have agreed to the following Report:— 

* See these Reports, toL for 1675, p 16, note «t bottom of the page. 
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1 Measuie of value wanted —Ih« question of a common measure of valuo 
is one of a class that may be literally called standard questions, and its 
solution is at the basis of equality in taxation both general and particular 
Values are the object matters of taxation, their measurement and comparison 
are the necessary condition of its equal incidence and measurements with 
unequal measuns are like weighings with unjust balances Pavilion, how¬ 
ever pure its inti ntu>n, without a common meisuioot valuo, is what navigation 
would bo without m \tmt and chronometer, or auhitcctuio without compass 
and level And this peril ips is not an pnfur deseuption of whit it net u illy 
is, though not it irnij be hoped, of wh it it must be Out ot the duel murks 
of advancing sen mo h bee n a piugic^s 1 vaids better nuasuus and better 
measurements a Mihslitution ot tlu unifoimitus of rules of reason for tlio 
unit struted v again s of rules of thumb and siuh is tho urn ol the piesent 
inquiry Ihin quesli >n of a i onimon mi usino of value is Iho question of the 
common mcismc of taxation oi it then be seven! such measures, what is 
their common ratio ? vthaf arc thev in teims of ouo auotbei t 

2 lao M tho l* of Genet d ValmtLn i Capital V nine and Usable Value — 
Measurements of the value ot things (emplo)ing thiH word ‘‘things” os 
inclusive of land, laboui, stork, &i ) mitj have reference to their ubsoluto 
worth or to then tomportry uftes Lhej mi) have nfcicncc to their pro¬ 
perty, capital, or absolute values or to their products, piofits, or annual 
values lhe one measure is exemplified in coutiacts of sale and purchase, 
the other m contnv ts of lotting and hiring Each has its special advantages 
and special applications Capital or absolute value is applied m the assess¬ 
ment of piobate and legacy dutv usiblo value in the issessment of local 
taxation and in thost of tho imperial income tax Moreover, as tho capital- 
value of the thing must be equivalent to the present value of the sum of its 
future uses, tho two measures it consistently defined, though differing it may 
be year by year must be in tho Jong run equivalent But such consistency 
of definition ia an essential iho idea of capital value is tolerably w< 11 fixed, 
but that of usablo or lettable value is indefinite Usable value is, or is 
equivalent to, the consideration paid for, tho income received from, the use 
ot things This consideration, however, may be paid under such totally 
different conditions of contract that, unless these conditions aie first assimi¬ 
lated, the paymeuts icgardcd as measures, either of the values of the things 
or of tho alnhtiea of their owners, are worse than useless (hey are mis¬ 
leading 

3 bsable Value uni estrxeted and indeterminate and lienee unfit as a corn- 
won measure —lo lllustrato this things having a uso, and hence capable of 
becoming sources of income, aie all, by the very nature of the process, liable 
to outgoings some more, some less Production involves productivo con¬ 
sumption Ffficiency implies cost—cost, for tho most part of insurance 
against natural risk , of repairs , of necessary depreciation But the user of 
a thing, bo it land, labour, or stock, may engage for its use with or without 
liability to theso outgoings their costs may be borne by the user or by tho 
owner, or they may be divided between the two in any proportion that con¬ 
venience may direct The user may bear repairs and the owner natural risk 
and depreciation, or the user may bear natural nek and repairs and the owner 
natural depreciation, or the user may bear all and the owner none, or the user 
none and the owner all, the consideration given (the income received) of 

> course varying accordingly Were the things valued by absolute sale or 
capitalization, all the incidents, whether of efficiency or cost, plus or minus, 
would he wholly and uniformly included, and the test would fix the things’ 
relative positions In valuation by usee, however, it is evident that these 
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incidents are not a* a matter of practico uniformly included, and the valuation, 
founded upon unfixed conditions, can fix nothing, its possibilities of variation 
are coextouaive with those of free contract itself, and hence, being absolutely 
unrestricted, as a measure it must bo inherently unfit 

4. Exeinphjied m incomes of Ineome-ta r —Such valuations, some tempering 
effect of deductions notwithstanding, have been tho^o oJ local taxation , and 
henoo the local eluos which Mr Sdator-Booth’a bill was the last attempt to 
reduce to order. Such also, without any tempeimg influence, are the 
valuations of income under the present income-tax In this latter the 
returnable and taxable incomes of interest, land-rent, house-rent, royalties, 
wages, including professional fees and salaries, are the consideiations tlmt 
are paid lor the uses ol principal memos, land, houses, mines, mid labour 
respectively Internal, however, is tin* consideration paid for the use oi tho 
principal, neither user nor owner being subjoct to any outgoings. Land-rent 
is tho consideration j) ud for tho use of land, the user bearing almost all 
outgoings Houso-ient is tho consideration paid for the use of houses, the 
owner aud user sharing the outgoings m various proportions Tho owner 
also largely bears outgoings in the contract of mines and royalties, lie wholly 
bears them, ua a rule, in that of labour and wages Moroover these out¬ 
goings vary according to the nature of tho thing, they may vary from zero 
up to 40 or 50 per cent., or even more, ol tho giotjs production It is those 
differences that give rise to tho various characteristics of incomes, as gross, 
net, certain, prccanous, terminable, permanent, nominal, real. All, indeed, 
aro in the catalogue of considerations paid, all arc so-called mcomos 
received, but only 

“ As lion ruin and greyhounds, mongrels, spaniels, ours, 

Bhoughft, water-rugs, and demi-wolrea ure cleped 
All by tho iiume of dogs ” 

The true account ** distinguishes " we are told, and gives to each “ particular 
addition." tho measure of incomes, too, that lays claim to scientific truth 
must do the same, and to tile “ bill that writes them all alike" and taxes 
them all alike, must add natural differences und just discimimution 

6. Usable value specialized and determined as Interest-value By consis- 
tent deduction of outgoings , Interest-va'ue as the common measure required ,— 
And if the cause of these inequalities of valuation be nghtly stated, tho dis¬ 
covery of such measure ought not to be difficult. As the inequalities arise 
from the different conditions in respect to outgoings under which tho various 
incomes are calculated, the remedy must bo the assimilation of these condi¬ 
tions ; aud the case of principal and interest, which m one aspect may btf 
regarded as a common expression of sources and uses generally, may be 
employed as a precedent. Interest, as before said, is the income received 
from a thing free of outgoings It loaves the thing or its oapital value 
unimpaired. The extension of this idoa to revenues or incomes in general 
j* simply the universal deduction from them of their productive outgoings— 
equivalent to tho general restoration of the capital-values of their respective 
sources Under such a regime, returnable and taxable lnoomo would not be 
land-rent, house-rent, mi no-royalties, labour-wages; but land-rent minus 
land-outgoings, house-rent minus house-outgoings, mine-royalties minus 
mine-outgoings, labour-wages nuntw labour-outgoings; and similarly with 
terminable annuities and the profits of business, the outgoings, however, 
being in all oases only the necessary ones of the production. Tho result thus 
obtained would be what by analogy we may call the mteresb-vaJuo of the 
various sources; and such interest-value of land, of labour, of houses, of 
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economic agencies generally, would be the common measure required. And 
tho measure is a perfectly scientific one, and, mdeed, admits of mathematical 
expression. As the exact difference, comprehensively considered, between 
the total receipts and total outgoings of a source, it is the pure annual 
increment of its capital-value, and hence is ulenticul with absolute profit. It 
would represent the pure annual growth ot national wealth tdken in its 
widest sense, and the returnable income ot national taxation. 

6. Pt ecedenU for its pi acta ability —Hut tiro such deductions of outgoings 
on the souices of income and tho determination ot tho inteient-valuo practi¬ 
cable ? In many cases (bis question has been already solved by actual 
legislation. That sucli deductions uro practicable tor lauds, bouses, and 
mines ma) bo proved by reference to the Metiopolis Valuation Act of 180‘J, 
and to tho Local Valuation Hill before letcned to, both ot winch me grounded 
on them, and have schedules ot doducturn for different cases attached That 
they are practicable foi machines, ships, trade fixtures, horses, and stock 
generally, tho Income-tax Act, with its special clauses for repairs and re- 
ttupply, itsedf recognizes, and though no schedules or deductions arc attached 
for these eases, the deductions are well known in the estimates of business 
and rocogm/od in the Surveyor’s office Hut if such deductions of outgoings 
axe practicable tor the labour of horses, arc they not practicable for the labour 
of men ' } Economically considered, the two labours are analogous, both nro 
productive agents, both have productive powers subject to consumption. 
Natural risk, maintenance, and torminahility belong to the labour ot men 
just as they belong to the Inborn of horses, just as risk, repairs, and terrmnu¬ 
bility bedong to machines, ships, or implements All these outgoings are tacts 
equally ascertained by experience, and it is difficult to seo why their valuations 
arc not equally pru( ticable. They uio as much an item in a soimo’s general 
account as tho receipts themselves, forming its debit as these form its credit 
column Nor can any account, bo it individual or national, be stud to bo 
completo union* both sides are considered. 

7. Effect on Income-tax* Act <—The application of this interest-value measure 
to the Income-tax Act would give these results —Incomes from lands, houses, 
and mines would be charged much the same as under the proposed new local 
valuation system "Dividends and profits of capital, purely considered, would 
bo charged as at present. Government and other terminable uimuitits would 
not be taxed on the amount representing the restoration of capital. On the 
same principle the incomes from labour, whether pure, as in tho case of 
salaried officers and some professors, or mixed with tho proceeds of capital, 
as in other professions and as m businesses, would be entitled to material 
deductions varying with the relative proportions of skill and capital engaged. 
In all cases the tax would he collected at the source and levied on the not 
value of the produce, and the deductions would be made without reference, 
as such, either to tho position or fortune of the owner. 

8. PraittcahihUf exemplified in composite incomes —Questions may be raised 
on the practicability of applying an outgoings deduction to incomes from 
businesses and professions which aro the mixed results of labour and capital. 
It may be objected cither, first, that as labour and capital enter into these 
mixed inclines m varying proportions, and as the percentage of labour- 
outgoings is very different from that of capital-outgoings, a deduction common 
to these mixed incomes and to unmixed labour-incomes would be unjust; or, 
secondly, that if the labour-income and capital-income be assessed separately 
a separate return of capital will be necessary, aud that this must entail an 
objectionable exposure of affairs. To meet the first objection, a classificaticn 
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of business and professional incomes, with u varying percentage deduction 
according to the average proportion of capital m each class, has been pro¬ 
posed , but it may be doubted if the second objection has any just foundation. 
That the assessment of an income from conjoint sources does not necessarily 
involve an official return of those sources, may bo seen by looking to the 
return of the income of capital or stock itself, as exemplified in all large 
trading companies. Tins income, regarded in the concrete, consists of the 
conjoint incomes from houses, ships, machinery, stock, trade fixtures, all of 
which incomes having different outgoings, are singly and differently assessed 
by the owner, but all of which arc united, without statement of particulars, 
in one common official return. Wli.it is practicable, however, with the 
incomes (derived, say, from horse labour plus machinery) is also practicable 
with thobo derived from human labour plus capital generally Doubtless, m 
order to vuluo tho luboui -income separately trom the capital-income, the two 
must bo separately known to tho valuer, but not, therefore, separately 
returned to tho Government unless Government undertakes the work of 
accountant Tho distinction between the two (tho one technically known 
as profits, the other us interest) is a primary distinction m book-keeping 
usually given in every profit and loss account Capital boing[laiown (and 
this knowledge is as nccessury to the preparation ot an accurate return under 
tho present system as to that under the proposed one), its interest subtracted 
from the mixed income will give the technical profits, gross labour-mcome, 
or gross wages of tho capitalist The deduction of labour-outgoings from 
tho Inbour-incomo will give the labour’s interest-value, which, plus tho 
interest of the capital, will be tho interest-value or returnable income of the 
business or profession 

Example 1 —A (a barrister, physician, or salaried officer) hue £1000 a year, 
an unmixed gross labour-income. Assuming, e y , 40 per cent to be 
tho average labour-outgoings for risk, maintenance, and “ depreciation," 
the deduction will bo £400 and the mteiest-value £000. A’s returnable 
and taxable income will be £000. 

Example 2 —B (a solicitor or gcneial medical practitioner) has £2000 capital 
in his practice, and a gTosa income as now returnable of £1000 a year, 
the joint result of his personal labour and his capital. Interest being 
reckoned at 5 per cent, £100 will bo tho interest-ialue of his capital, 
and £900 the gross income, wages, or so-called profits of his labour. 
The deduction of 40 pei cent, from this for Jabour-ontgoings leaves £540 
as the labour’s interest-value, which, plus £100 as tho interest of capital, 
gives £640 as the interest-value of his practice. B's returnable and 
taxable income will be thus £640. 

Example 3 —C (a merchant, manufacturer, or shopkeeper), having a capital of 
£10,000 in his business, hus a gross incomo of £1000 a \ear, the joint 
result of his capital and personal labour. Here, under tho former 
suppositions, the interest of his capital will bo £500, and the gross 
income of hie labour will bo £500. Deducting 40 per cent, for labour- 
outgoings, as before, we obtain £300 as the labour’s interest-value, 
which, plus tho interest of the capital, eouals £800, the interest-value 
of the business. C’s returnable and taxuble income will be £800. 

Zero-point of Direct Taxation —In tho remuneration of labour, as wo 
desecaa in the scale, there Aust be a point at which income and outgoings 
balance, and at which, therefore, interest-value or real profit is aero. This 
important point in labour, analogous m land to the commencing point of 
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rent, is the scientific divmou in labour between exemption and taxation 
that a common measure of value determines WUcrovor the point may be, 
below it there is no interests nine, and hence ought to be no taxation, and 
it is above this point that in strict loss the poreontago deduction for outgoings 
ought in every case to begin 

Example 1 —-A, a labourer, earns IVIh per week, an unmixod gross labour- 
income, Assuming this sum to be onl> sufficient to meet the necessary 
labour-outgoings, then the mtouwt-value ot the income will bo nth A's 
income will bo wholly unt.iAable. 

Example 2 —H, a cloik or artisan, cams X\ ">0 per 3 ear Assuming, as 
before, 3th per we f *k or £7$ per joai, as the necessary labour-outgoings, 
then the subtraction of this sum will m<u k the zero-point ot the labour’s 
taxable income, and £72 will be the margin to which alone the per¬ 
cent igo deduction tor outgoirigs ought to be applied Assuming this 
deduction at 40 percent as before, we have £22 ns such deduction, and 
.£44 as the labour’s interest-value 13’s returnable and taxable income 
will be £44 

A similar preliminary process of correction applies to all higher labour- 
incomes, the zero-point being determined b) tho amount fixed on as the 
labour’s liocessarj outgoings 

9, Proposed new Valuation System int*i mediate to the Self-assessment and 
Official Systems. —The pinctn al w oiking of a measure of value, like other 
measures, has necessarily a relation to the persons b} whom it is applied A 
just measure, through careless or wrong application, maj act unjustly, but 
unjust application is no argument for an unjust mousuro, an unjust measure 
even when rightly applied must act unjustly, Tn tho income-tax, as now 
arranged, with its five or six inconsistent measures of value, tho valuation 
for some of tho chief schedules ranges between tho loose liberties of self- 
assessment and tho inquisitorial stringency of official tho one system con¬ 
scious of a radical injustico m the law, which it is itself callod on to apply, 
the other in total ignorance ol the facts which tho law covers, and both 
working m antagonism to each other In the valuation for probate duty we 
have a third sjutem, applied not by the interested individual nor b> tho 
official, but by a third and independent parly, authoritatively licensed, indeed, 
by tho Government, but selected by tbo individual, and hence whilst neutral 
himsedf, having responsibilities to each Under an equitable measuro of 
value, self-assessment might in the first instance exist as at present, but in 
eases of doubt Government might require the guarantee of such an independent 
authority (licensed valuer, accountant, lawyer, acting as a semiofficial com¬ 
missioner m income-tax) for a second evidence to the truth of the return, 
reserving its own power of official examination ns a last lesort At tho 
present timo many firms do actually call m professional accountants to make 
up their returns, and with a growing senso of justico in tho tax, such an 
independent guarantee to tho truth of the return might not improbably 
become general, and might even acquire the force of a custom. 

Comparison between Capital-Value and Interest-Value. 

10. Capital-value and Interest-value equivalent on a series of years, hut not 
for each year .—The two measures, capital-value and interest-value, are, as 
t ffore observed, on a series of years equivalent Intorcst-valuo is oapitul- 
Tolue for a year. Capital-value is the present worth of interest-value for all 
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years. Bat though the two measures are thus equivalent on an average of 
years > they ore not equivalent for each specific year. Interest-value measures 
the gains of capital for one year, and capital-value mcasuros its gains for 
that yoar, with tho expectant or probable gain of future years added. As, 
however, national gam for any yoar has, as a rule, the closest relation to tho 
national expenses for that year, tho interest-value is a more specific measure 
for annual taxation than tho capital-value, and this ia probably the reason 
that has unconsciously led to tho adoption of an annual-\aluo moasuro, both 
in looal and imperial taxation, in preference to one of capital or porpetual 
value. 

Capiud-wlue tn comparative relation to thinga and to tenures generally .— 
Measures practically equivalent may, however, through differences of appli¬ 
cation, give contrary roaults ; and of this tho two measuros m question afford 
illustrations. Taxation, according to capital-value, may look oithor to tho 
Sources, things, or objects owned, or to the hghts and tenures of their 
ownora—to tho land, labour, or stock possessed, or to the freehold, leasehold, 
life-tenancy, or jointure, os tho ooso may bo, of the possessors. Primd facie 
it would appear that as tho value of the tenures of a thing, however manifold, 
can bo neither more nor less than tho value of tho thing itself, tho results of 
the scientific capitalization of tho two should bo identical. As a matter 
of fact, howovor, this has not been admitted to bo the case , and it is on tho 
question of tenures that the deepest controversies of tho incomo-tax havo 
arisen. 

Capital-value in relation to terminable tenures .—As tho capital-value of a 
limited tenure in an estate, for example, is less than that of a permanent, 
one, its taxation, it is argued, ought to bo loss, and therefore it ought to pay 
at a lower rate. Putting aside tor a momont tho quotation of thp truth of 
this inference, it is evident that its enforcement would make an estate’s 
taxation [vary with tho character of its tenure, thus giving powor to thy 
subject to alter taxation by altering tenure, and that to almost any extent. 
To avoid this it has boon proposed to denvo tho whole tax from tho csfcato 
as at present, but to levy on the limited tenure according to its capital-valuo, 
and to make tho reversion liable for the balance. 

TenmnaMlity of tenure does not influence the Annual Tax.— Without dis¬ 
cussing the administrative difficulties of this view, it may bo questioned 
whether such a view be a logical deduction from tho pnncijple of taxing 
tenures according to their capital-valuo. Assuming that a limited tenure m 
an estate ought to pay leu than a permanent one, with roforenco to its 
capitalized value, it would not therefore follow that it ought to pay at a lower 
annual rate . Be tho tenure long or short, tho estate for any given year is 
the same, tho value for that ouo year’s tenure is the same, the government 
protection afforded to it for that year is the same, and hence it would appear 
that the payment for each year ought to be the same also* But if each year’s 
payments be the samo in both cases, tho total payments are not therefore 
equal; the limited tenure pays only for a limited time, whilst the perpetual 
tenure pays for all time; and af these payment* bo aggregated it will be found 
that their amounts are in exact proportion to the capital-values of tho 
respective tenures. Should it bo said that the reversioner, having interest* 
in tho good government of tho present, ought therefor© to contribute according 
to the value of those interests, tho reply Lb that the prepent possessor has been 
f hh xevoreionor of tho past, and has bad similar interests in the good govern¬ 
ment the past* therefore, present possession has a claim on the future, 
it owes a debt to the post; and it may be mathematically shown, what 

1878 . to 
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perhaps a sense of the fitness of things indicates, that for any given year tho 
claim and debt will cancel each other, and leave every year’s possession to 
pay the whole year’s tax on the estate possessed. 

Difference between incomes from terminable tenures and those from termi¬ 
nable things —That a terminable income by paying at the same annual rate as 
a perpetual income is equally paying according to its capital-value, is a pro¬ 
position insisted on by Mr, Warburton and by Mr Mill m the two Commissions 
on the Inoome-tax, and os far as the above class of terminable income is 
concerned, the proposition is true. But these gentlemon unfortunately 
oamod it into a region where it had no status, and in virtue of it denied tho 
applicability of capital-value, if not of arithmetical proportion generally, as 
a reforming measure of tho income-tax. As there are incomes and incomes, 
so there are terminable incomes and terminable inoomos. If tho terminable 
income bo the terminable tenure of a pure interest-value, such, practically 
speaking, os a hfe-mlcreat in land or in consols, to tax it at tho samo rate 
as a permanent inooruo is to tax each aooordmg to its capital-value If, 
however, tho terminable income bo an income that is made up partly of 
interest-value and partly of capital that terminates, not simply as a legal 
right, but by gradually exhausting its source, then to charge suoh income at 
the samo annual rato as a permanent one of similar amount is not to tax it 
according to its capital-value—a truth repeatedly demonstrated by tho 
actuaries before Mr. Jhune’s committeo, and evident from the reflection that 
tho capital-voluo of tho source is, by tho ery nature of the income, continu¬ 
ally passing away, whilst the tax remains the same TJndor the conditions 
stated, the tax on tho one terminable income would bo a tax on pure 
interest-value, the tax on the otkor would bo a tax on a mixture of interest- 
value plxes capital. By combining the propositions of the actuaries and of 
Mr. Warburton, each true in its own sphere, but each erroneous when 
applied to the other, we may conclude that tho results obtained from the 
capitalisation of tenures are idontaoal with those obtained from the absolute 
valuation of sources; and both may be quoted in confirmation of those 
obtained from tho principle of interest-value. 

Capital-value in relation to personal riches and property, Common measure 
of value as needful for equal exemption as for equal taxation .—Another appli¬ 
cation of oapital-value as a measure, however, cannot bo so quoted. The 
taxation of a particular property according to capital-voluo may bo inter- 

E reted as taxation, not according to the worth of that particular property, 
ut according to the absolute worth or financial position of the person who 
owns it* and such a method of levy has been erroneously defended as 
taxation according to ability. In this view a rich man ought (considerations 
of practicability apart) to pay a heavier duty upon his dog, his bottle of wine 
at whiskey, than a poor man; and, tho estates being equal, the owner of a 
permanent tenure would pay more for each jeer’s possession than would the 
owner of a limited one. Such a theory of capital-value may not be general, 
but it has a certain degree of popularity, and seems to bo constantly getting 
itself mixed up not only with discussions but even with legislation on the 
incidence of the income-tax. It may bo questioned whether the operation of 
this theory is not visible, for example, in the exemption from imperial direct 
taxation (reoentfy so largely extended) of large masses of property in the 
country including many thousands of acres of land, in oonsequenoe of the 
accident of their ownership. Property thus exempted becomes property 
taxable by mere change of possession, irrespective of the intrinsic nature or 
value of the property itself. To exempt in an inoome-tax tho necessary 
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outgoings of tho source of income, be it labour or land, is merely to oonfin* 
the tax to its own stated objects, viz. to income proper; but to exempt or 
lower the rate on this income proper, merely in consideration of the personal 
status of its owner, is to travel into quite a different region—it may bo into 
the region of national chanty, or into that o£ some other pnnciplo, but 
assuredly far away from that of equality in taxation. It may be added that 
such exemptions, even when admitted, need a common measure of value for 
their rational application. There aro small inoomea and small incomes— 
inoomos that are pure interest-values, incomes that aro pure drafts on capital, 
and incomes that arc mixtures of into rest-value and draft on capital; and 
the equal exemption of those kinds, as in the present income-tax, is as un¬ 
equal as would be their equal taxation. As before said, the interest-value 
measure itself would exempt all small labour-incomes to the extent of their 
necessities without further special rule, 

Bkamngs op Common- Measttoe op Value ok General Taxation and 
National Income. 

11. Common measure of value necessary to the adjustment of general tax¬ 
ation t fallacies from its absence. — M Your Committee also feel that it would 
be unjust to make any alteration m the present incidence of the income-tax, 
without at the same timo taking mlo consideration the pressure of other 
taxation upon tho vinous interests of the country, some of it imposed by recent 
legislation, and in one case especially, that of the succession *dnty, to some 
extent by way of compensation.” This, written in 1801, is the last sentence 
of the Report of the Select Committee appomtod in that year on the equa¬ 
lization of the Income-tax ; and perhaps no paragraph could he quoted as a 
stronger argument for the necessity of determining a common measure of 
value. It may, indeed, bo thought by some that for the purpose of internally 
equalizing a tax over its own area, be that area sugar, coffee, or incomes, a 
preliminary inquiry into tho pressure of taxation in general is somewhat of 
a work of supererogation; and it may not be mathematically obvious to 
others what possible sort of compensation can exist between the inequalities 
of a tax, or a set of taxes, that are almost stationary, and those of one that 
changes with every national emergency—that in twenty years has aotually 
compassed the extremes of sixteenpence and twopenoe in the pound, with 
etery variety of intermediate oscillation But assuming it to he advisable 
for tile purpose in question, as it must doubtless be always generally useful, 
to know the comparative pressure of taxation as a whole upon the interests 
of the country, it is clear that such a knowledge implies their valuation 
through a common measure, and is, indeed, os impossible without it as would 
be tho knowledge of the weights of different things without weighing them 
by a true balance. Eminent statists have, indeed, attacked this problem, 
using income itself as the means of the comparison, though oftentimes without 
a spffleient preliminary examination of the accuracy of their instrument 
Comparing the statistics of different classes of income, as collected from the 
government returns and from inquiries specially made, with the statistics of ttys 
corresponding classes of taxation, they have sottOtimes concluded that general' 
taxation is, as a whole, tolerably equal. The truth of this ooncltfeion evidently 
depends upon the uniformity of the standard employed. As, however, this 
uniformity has no existence (the government returns alone presenting at 
least five or six different modes of estimate), the argument oa* prove nothing 
as regards general equality, except its-abseiioe; bht does prove that taxation 
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m general, rogorded as a larger income-tax, ib equally in want of a common 
measure with the incomo-tax proper. 80 far from the measurement of the 
income-tax proper being dependent on the measurement of goneral taxation, 
the measure thp,t underlies them both is one and the same, and, indeed, tho 
true new of an income-tax is that it should be a peifcctly just and equal 
tax in itself, rathor than an imperfect tax compensating the imperfections of 
othor taxes. 

Common measure of value necessary for finding national income and wealth : 
fallacies from t ts absence —The evil consequences of a wunt of a common 
measure of value, seen in the companson of incomes for purposes of taxation, 
is also seen when they are added together for the exhibition of the amount 
of national income and wealth. To find this national income, tho government 
returns of the income-tax have boon lakon, and to this miscellaneous aggre¬ 
gate tho exempted incomes of tho oountry, including manual-labour wages, 
have been added, as if all were of one equal and umfoim denomination. 
Much of such inoomo, however, as has been repeatedly pointed out, is oply 
the consumption of capital. Within tho penod of a generation, say thirty 
years, all tho value of human labour, plus tho cost of maintaining it, passes 
into the category of labour-mcomo. Within lougor but varying periods tho 
valuo of all houses, plus the cost of repauing them, passes into tho category 
of house-income. Within still more varying periods all the mining wealth 
of the country must pass into the category of mming-moomo and disappear; 
and all capital of terminable annuities passos into terminable income. By 
some writers -this medley of so-called income (but no more income than the 
payments for exports arc income, or diafts on bankors are income) has ever 
been capitalized at one (and that an extreme) rate, to get the national wealth, 
the result of the whole process being an exaggerated and practically mis¬ 
chievous estimate of national income, of national wealth, and of the nation’s 
capacity to boar taxation. Probably no better ox ample than this could bo 
given of tho necessity of a common measnro of value. Common measures 
(oommon units) are the souls of statistics, as, indeed, they are of knowledge 
generally. Without them statistics are a mere incoherent mass of foots, 
usurping tho semblance and function of exact science. A common measure 
of income, discovering the amount of tho element common to rent, wages, 
profits, and interest, determines the true increment of wealth considered in 
its widest sense, and expresses both the extent and tho ratio of economic 
progress. This common measure may be briefly described as interest-value j 
it is an essontia], if not the fundamental, basis of taxation* 


Report of the Committee, consisting of Professor Clerk Maxwell, 
Professor J. D. Everett, and Dr. A. Schuster, for testing expert* 
mentally Ohm** Law. ^ 

Taa statement of Ohm’s law is that, for a conductor in a given state, the 
electromotive force is proportional to the oarrant produced* 

The quotient of the numerical value of the eieot«fcB(j*tive foroe divided by 
the numerical value of the current is defined as Jp* fetfatanoe of the oon- 
duotor; and Ohm’s law asserts that the resistanokk* thus defined, docs not 
vary with the strength of the current* 
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The difficulty of testing this law arises from tho fact that tho current 
generates heat and alters the temperature of tho conductor, so that it is ex¬ 
tremely difficult to ousure that the conductor is at tho same temperature 
when currents of different strengths arc passed through it. 

Sinoo the rosistance of a conductor is the same in whichovor direction tho 
current posses through it, tho resistance, if it is not constant, must depend 
upon even powers of the intensity of the current through each element of 
the conductor. Honco if we can cause a current to pass in succession 
through two conductors of different sections, the deviations fiom Ohm's law 
will ho greater in the conductor of smaller section, and if tho resistances of 
the conductors are equal for small currents, they ill he no longer equal for 
large currents. 

The first method which occurred to the Committee was to prepare a set of 
five resis tan co-coils of such a kind that their resistance could bo very accu¬ 
rately measured. Mr. Hockin, who has had great experience in measuring 
resistance, suggested 30 ohms as a convenient magnitude of tho resistance 
to be measured. Tho five coils and two others to complete tho bridge wore 
therefore constructed, each of 30 ohms, by Messrs. Warden, Munhead, and 
Clark, and it was found that a difference of one m four millions in tho ratio 
of the resistance of two such coils could bo detected. 

According to Ohm’s law, tho resistance of a system consisting of four 
equal resistance-coils joined in two senes of two should be equal to that of 
any ono of tho coils. The current in tho single coil is, however, of double 
the intensity of that in any one of tho four coils Hence if Ohm's law is not 
true, and if tho five coils when compared in pairs with tho same current aro 
found to have equal resistances, tho resistance of tho four coils combined 
would no longer bo equal to that of a single coil. 

A system of mercury-cups was arranged so that when the sjstem of five 
coils was placed with its electrodes in the cups, any ono of tho coils might bo 
compared with the other four combined two and two. After this comparison 
had been made, the system of five coils was moved forward a fifth of a revolu¬ 
tion, so as to compare the second coil with a combination of the other four, 
and so on. 

Tho experiments were conducted in tho Cavendish Laboratory by Mr. G. 
Chrystal, B.A., Fellow of Corpus Chnsti College, who has prepared a report 
on the experiments and their results. 

A vory small apparent deviation from Ohm's law was observed, but as this 
result was not confirmed by tho much more searching method of experiment 
afterwards adopted, it must be regarded as the result of some irregularity m 
the conducting-power of the connexions. 

The defect of this method of experiment is that it is impossible to pass a 
current of great intensity through a conductor without heating it so rapidly 
that there is no timo to make an observation before its resistance has been 
considerably increased by the rise of temperature. 

A second method was therefore adopted, in which tho resistances were com¬ 
pared by means of strong and weak currents, which were passed alternately 
through the wires many tames in a second, Tho resistances to bo compared 
wore those of a very fine and short wire enclosed in a glass tube, and a long 
thick wire of nearly the same resistance. When the same current was passed 
through both wires, its intensity was many times greater in the thin wire 
than in the thick wire, so that the deviation, if any, from Ohm's law would 
be muah greater in the thin wire than in the thick one. 

Henoe, if these two wires are combined with two equal large resistances in 
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Wheatstone's bridge, the condition of equilibrium for the galvanometer will 
be different for weak currents and for strong ones. But since a strong current 
heats tho fine wiro much more than the thick wiro, the Jaw of Ohm could not 
be tested by any ordinary observation, first with a weak current and then 
with a strong one, for before tho galvanometer could givo an indication the 
thin wire would be heated to an unknown extent. • 

In the experiment, therefore, tho weak and tho strong current wore made 
to alternate 30 and sometimes 00 times m a socond, so that tho temperature 
of the wire could not sensibly alter during the interval botween one current 
and tho next. 

If tho galvanometer was obsorved to be in equilibrium, thon, if Ohm’s law 
is truo, this must be because no current- passes through the galvanometer, 
derived cither from tho strong current or the weak ono. But if Ohm's law is 
not true, tho apparent equilibrium of tho galvanometer-needle must anse from 
a succession of alternate currents through its coil, those being m ono direction 
when tho strong current is flowing, and m tho opposite direction when tho 
weak current is flowing. 

To ascertain whether this is the case, wo have only to roverse the direction 
of the weak current. This will cause tho alternate currents through the gal¬ 
vanometer-coil to flow both in tho same dneotioii, and tho galvanometer will 
he deflected if Ohm’s law is not true. 

Mr. Chrystul has drawn up a report of this second experiment, giving an 
acoount of the mode iu which tho various difficulties wero surmounted. 
Currents were emploj cd which were so mo times so powerful as to heat the 
fine wiro to redness, but though the difficulty of obtaining a steady action of 
the apparatus was much greater with these intense currents, no evidence of 
a deviation from (film's law was obtained, for in every experiment in which 
the action wue steady, tho ro\ersal of the weaker current gave no result. 

The methods of estimating tho absolute values of the currents are described 
in the lleport. 

A third form of experiment, in which an induction-ooil waa employed, is 
also described; but though this experiment led to some very interesting re¬ 
sults, the second experiment gives the most searching test of the accuracy of 
Ohm's law. Mr. Chrystal has put his result in the following form. 

If a conductor of iron, platinum, or German silver of one square centimetre 
in section has a resistance of ono ohm for infinitely small ourrenta, its re¬ 
sistance when acted on by an electromotive force of one volt (provided its 

temperature id kept the same) is not altered by so much as part. 

It is seldom, if ever, that so searching a test has been applied to a law which 
was originally established by experiment, and which must still be considered 
a purely empirical law, os it has not hitherto been deduced from the funda¬ 
mental principles of dynamics. But the mode in which it has borne this test 
not only warrants our entire reliance on its accuracy within the limit of 
ordinary experimental work, but enoourages us to believe that the simplicity 
of an empirical law may be an argument for its exactness, even when we are 
not able to show that the law is a consequence of elementary dynamioal 
principles. 

Nftrrf Experiment. Vhrittout* 1875. By Gh Cubtstax, Cwendith Laboratory, 

tbk CambrlcCgt. Communicated by J. Clbrk Maxwxku 

duolf the eleotromotive force between two points of a uniform linear con- 
vaty'ur measured in appropriate units by means of an electrometer be E, and 



89 


ON OHM'a LAW. 


the quantity of oloctrioity that peases through any section of the conductor in 
unit time, measured either by a galvanometer or by a voltameter,bo C, then, 


pi 

according to Ohm’s law*, is directly proportional to the length of the oon~ 
doctor, aud inversely proportional to the area of its eootion. 


The coefficient of proportionality fora definite + substance depends merely 
on the temperature of the substance ; for unit length and unit flection of a 

p 

given substance the value of the ratio - for a given temperature is called the 

C 


specific resistance of the substance for that temperature, and is one of the 
most lmporiant of its physical constants. 

This law lias boon, directly verified by its disooverer, and by Bocquerel, 
Davy, Feohnor, TCohlrauseh, and others, and indirectly it has boon verified 
for a great variety of substances with a degree of accuracy approaohed in few 
physical measurements. 

Lately, in discussing some experiments of his own, Dr. Schuster has raised 
the question whether after all Ohm’s law is only on approximation, the limit 
of whoso accuracy lies within tho region of experiment Wo might suppose 


that the iatio 


E 

0 


+ 

+ 


was some function of C J , say 


E 

C 


li-SC 3 , 


where 11 is a constant very nearly equal to what 1ms hitherto been called tho 
specific resistance, and 8 is a small constant which, according to Dr. Schuster^ 

jjj 

suggestion, would bo positive It is clear that ~ can only bo an even function 

of C, unless wo admit unilateral conductivity, for whioh there is no experi¬ 
mental ovidcnco in a purely metallic circuit 

A Committee of tho British Association, appointed to consider the subject, 
were of opinion that it was of importance to uttempt a further experimental 
ven float ion of Ohm’s law. 

At tho suggestion of Professor Maxwell, tho experimental details of two 
methods of verification proposed by him were undertaken by tho writer of 
this Bo port. Of tho two oxponments representing these methods tho second 
is by fur the most conclusive. It not only avoids the difficulty of eliminating 
temperature effects, which to a certain extent interfere with the first experi¬ 
ment, but it pushes the verification of Ohm’s law very near the natural limit 
of all such verifications, viz. the limit of the solid continuity of tho conductor. 
It has thus boen rendered probable that experiment cannot detect any 
deviation from Ohm’s law, either in the direction indicated by Dr. Schuater, 
or in tho opposite direction as suggested by Weber, even in wires that have 
boen brought by the electric current to a temperature beyond red heat. 

A third experiment was also tried by tho writer of this Report; it* result 
agreed with the others, but, oying to oortarn peculiarities, it is less conclusive 
than they are. It led, however, to interesting results of another kind, which 

* The current is supposed to be steady 

t By definite is meant in a giren physical condition, except os regards BMP. and flow 
of B. sad temperature. The last is excepted because we are brought flsoe to toe with 
pOttihle temperature variation* w the lint experiment 

t We suppose the conductor to be of ufift length and unit section, It is of coarse the 
Hsweaoewhkh is in Question; and this, if variable, wiU depend on the current 
per unit of teetion. 
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scan to show, among other things, that contusions respecting tho accuracy 
of Ohm's law cannot safely bo drawn from experiments of tho nature of 
those made by Dr. Schuster. 


First ExmtnrFNT. 

i 

Bupposo that wo hnd tho reel stance-coils, whioh, when compared with each 
other by means ol the same current, were equal, say each That is to 

say, it any two of the resist an co- coils \u ro inserted in tho branches AB and 
B D of a Whcatblono’s budge, the other (no arms, AC and CD, being two 
other equal rtBalances, thin the guhanometer G inserted between B and (J 
would indicate no cuircnt. 

Fig. 1 Fig 2. 


Ti 



Suppose now that wo rcplaco tho coil It m B D by four of tho oqual coils 
arranged in multiple aic, as in fig. 2. Then, if Ohm’s law be true (i. e, if 
resistance bo independent of curreut), if p bo tho resistance between B and D, 

1 1 , 1 _ 1 
p 2 lt + 2 K " ft’ 

i.f. pm =B, and there will still be no deflection in the galvanometer. But if 
Ohm’s law bo not truo, and the resistance be a function of the current, thon, 
since tho current through A B is nearly the same as in tho first experiment, 
while that through BED and B F D is half, tho resistances m B E, E D, B F, 
F I) will be no longer equal to R, but either greater or loss, and the galvano¬ 
meter will be deflected. 

Under tho direction of Professor Maxwell, part of the funds at the disposal 
of tho Committoo were devoted to providing two sets of coils specially 
adapted for the above experiment. One set consisted of five coils of silk- 
covcrod German silver wire (diameter ■fimillim.), each of resistance as nearly 
as possible oqual to 30 B.A. units. These wero all wound together in tho 
usual way round ono bobbin ; the terminals consisted of ten pieces of stout 
copper wire, insulated from each other by a ring-shaped piece of ebonite, 
through which all of thorn passed. These stout wires were bent over, and 
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cut as nearly os possible of the same length, 00 that their amalgamated ends 
might go in pairs into mercury-cops. Tho wire and bobbin were enclosed 
between two coaxial cylinders of sheet brass, which wore fastened to tho 
ebonite pieco above, and concocted by a ring of sheet brass below. The 
whole had a rough resemblance to a largo spider Tho other set consisted of 
two coils made of tho samo wire, and having each as noarly as possible tho 
Barno resistance They were arranged in tho samo way, except that tho ter¬ 
minals of tho samo coil wore adjacent. 

As tho adjustment of tho coils was necessarily not poifcet, tho experiment 
could not bo tried exactly ns described in tho above schotno. I decided, 
therefore, to operate as follows —First, to compare each coil of the five with 
tho coil next in order; tho differences between any two colls could Ihon bo 
found in terms of an arbitrary unit (the rosistnneo of a tenth of a millimetre 
of tho platinum-indium bridgo wiro at the temperature of tho room during 
tho experiment); second, to compare each coil with tho four others arranged 
in multiple arc, as before described Tho results thus obtained wore com¬ 
pared, as will bo described furt.h<r on. 

To facilitate these comparisons, tho following arrangement of mcroury-cup 
connexions was made for mo by Mr Garnett, of Ht John’s Collcgo, tho 
Demonstrator at the Cavendish Laboratory :— 

Fig. 3 . 



To a massive hoard are glued five largo mercury-cups, made of boxwood, 
with a piece of amalgamated sheet copper at tho bottom. Into those go the 
ten terminals of the five coils, so that there would bo metallic connexion 
round all the five coils in series were it not that tho cup A is divided by a 
piece of vulcanite, which insulates the two terminals in th&t oup. I is a 
stout copper bow connecting B and the lower division of A; to this bowls 
soldered one of tho galvanometer terminals. Into the cups u and v dip tho 
two terminals of one of the two ooils. m is a stout bow of copper connecting 
the Upper half of A with «. Another bow goes from v to F, one end of the 
bridge, which is the instrument used by tho British-Association Committee of 
1868, and will be found described at p. 363 of the Report (1864) of the Com- 
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mitteo on Electrical Standards. To tn is soldered one of tho battory terminals. 
The connexions on the right are similar to those on tho left, and may be un¬ 
derstood from the diagram. Tho other galvanometer terminal goes to tho 
oontact-block L. The battery used consisted of twelvo I^eclanche’s cells, tho 
wholo internal resistanoo of which was about 13 B.A. units, its E.M V. being 
about 16 times that of a Darnell, The whole resistance of tho bridgo from ¥ 
to G was about ‘075 Tho galvanometer is an instrument made by Elliott 
Brothers, belonging to tho British Association \ its icmstanco is about half a 
B.A. unit. 

Good contact between tho feet of tho copper terminals of tho quintuple coil 
and tho bottom of tho morcury-oups was secured by placing a weight on the 
top of the coil, tho spring m tho terminals was thou sufficient to ensure 
contact everywhere. 

In the arrangement figurod in the diagram tho coil p is balanoed against a 
multiple urc, containing q and r in ono branch, ana s and t m tho other. 
To compare ono single coil with the next smglo coil, l is removed, and ouo 
end of tho galvanometer wire connected instead with tho cup E, while m is 
made to connect tho lower instead of tho upper half of A with u , with this 
arrangement the coil t is balanced against the coil s, 

Tho coils m tho quintuple coil are numbered 1, 2, 3, 4, 5 , and in experi¬ 
ments with multiple aic tho coil between A and B is referred to as the 
“single coil,” in experiments with single coils those beiweon I) und E 
and E and A aro called right coil (11C ) and left coil (L C ); the coils 
between tv and .v and if and v uie called right and left imrtdlo coils (It M C 
and L M.C.), and aro numbered 1 and 2. Tho bridgo is read from loft to 
right 

Somo preliminary experiments wero made with tho apparatus, which 
showod that tho coils had been very well adjusted by the makers, Messrs. 
Warden, Muirhead, and Clark It was found that with the arrangement 
described (tho best at our oommand in the Cavendish Laboratory), the bndgo 
could bo road to a quarter, if not to an eighth of a millimetre A small 
correction was found necessary for the magnetic hold, duo to the current in 
tho bridgo connexions, this was allowed for by adjusting a loop of tho 
batteiy-wire till the galvanometer showed no effect when the battory was 
turned on Thermoelectric currents in the galvanometer circuit, owing to 
heating from tho hand at the contact-block, wero avoided almost entirely by 
using two pieces of wood, which wore interposed between tho fingers and tho 
block, and wore continually changed so as uot to got hot. 

The order of experiment was generally as follows .—The weight was ad¬ 
justed on tho quintuple coil, the battery was thrown in for a moment by 
means of a treadle wrnoh dosed the battery circuit; if there was no diroct 
effect on the galvanometer, tho battery was thrown out, and contaot made at 
the block, the spot of light on the scale was watohod through a reading- 
telesoope, and if it was at rest* the battery was thrown in: the deviation 
indicated which way the block had to be moved to get a balanoe* Two or 
three trials in general sufficed to get the balanoe. Tho bridge was then 
read ; the middle coils were then reversed, the balanoe found, and the bridge 
rood again. The difference of the readings gives the difference of the resist¬ 
ances of tho middle coils, os may easily be shown (see 1 Journal of Society of 
Telegraph Engineers,’ Oct. 1872). The middle coil* being replaced as before, 
the qu^ ^iple coil was moved round one step, and the same process repeated, 

* On tbs avoiduu* of small thermoelectric rifccU, see bslow in the discussion of the 

IMVDh MBpWWEiOOv* 
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Formula of Reduction, 

Let tho right-hand middle coil (No. 1) bo taken to be 30 ohms, the bridge- 
wire being *075 of the same units. Let r donote the rosistanoe of this coil, 
the unit being the resistance of a tenth of a millimetre of the bridge-wire, 
therefore 

r n 22 ^ 100 2 °=. 4000000. 

•076 

Let tho resistances of 1, 2, 3, 4, 5 of the quintuple coil, measured in the 
samo units, be r + a, r4-/3, r-hy» r+e. 

IIouco, comparing middle coil 1 with 2, 1 being on tho right, 
r-f« __ r + 6 + D-M 

r+/l ” r + lOOOO + a-V. K) 

where r + 1) = resistance of middle coil 2, x tho bridge-reading, a and b the 
resistances of the counexions at its two ends. This gives 

a-/3={D-a-6 + 2(a>-5000)} |l - 100 ° r 0_a? ], • • (2) 

all other terms being negligible. 

Now the greatest possible value of 10000 —x is 0000, sinco tho readings 
no\er went below 4000, and l)-f 2(a? — 5000) was never greater than 400. 

Hence tho term involving — is less than 

r 

400 x 6000 6 

4000000 = 10’ 

and is therefore negligible, since wo do not road beyond tenths of a milli¬ 
metre. Hence we may use the formula 

a—/3*I) —a — —6000). ... . . (3) 

Similarly, in comparing one ooil against four, wo got tbo formula 

a “£(/3+y-f a — 6 + 2(#—5000). . . (4) 

To find a—6, the “ bridge correction,” a reading is taken with the coils 


Fig. 4. 
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figure, by introducing two new piocos of copper and two more mercury-cups, 
the arrangement independently of the bndgo being very nearly symmetrical. 
lot the reading now be .r'. 

Assuming that tho resistances of the movable oups and bows at tho two 
ends are equal, =7r in one caso, =£' m the other, then f 


Similaily, 


P+ 7 c ++ 7 — .v 
U+A + ft+aT 

P-M2 f 2A -fa -f & f l 


A 

li’ 

A 

A | it 


r + j^+ft + r 1 _ A 

P fU + 2* +a + />-H " A fli ; 

f i , ^ 4-+ 7—1 / i 2/», -f a -f 6 1 

■ l 1 + r i i l '+ q+i \ 

fi • A/ + 5+a? 1 f i 27: -f a + b \ 

" l + r it r+u+i i ’ 

I , 7%. f rt fZ— v A -f j(u -f i) 

^ r p 


t r+ft+t 1 
^ p 


A 4- ](« + 7>) 
P 


•.rt~Z> = ^ + .f , -10000. 


A \anety of oxpcnnKiits woio made with tho coils arranged sonutimes in 
ono way, sometimes in tlio other, and closely agreeing values of a — b were 
found lading fiom 52 to 58. 


- Correction for uant of Symmetry . 

Referring back to fig. 4, we see that m tho nrrangoment for multiple- 
arc experiments tho connexions are not quite sjmmctncal. Tho copper Lows 
were all nearly of tho same length and thickness: lot the resistance of ono 
of them ho 2b t Let also tho average resistance of a mercury-cup bo 2r. 
Thon wo got for tho addition to ^(/3 + y f 5 + e), 

4(26 + 10 r) + 6 + r, 

for the addition to « 26 + 4r. Ilcnco a — $((l + y 4-2 + f) is too great owing 
b r 

to tho connexions 2^2 

Various experiments were made to find tho value of 6-f r, and all gave 
very nearly tho same result 1 he follow ing is a specimen *—A copper bow 
very slightly longer lhan those in tho connexions was inserted by means of 
an additional mcrcury-cup, firbt on tho right then on tho left of tho bndgo, 
tho readings were 5032 and 4082, tho differeneo being 50; 

.2(6+r)=50, 
b r 

•••2+2-12. 

The correction was actually taken to be 10. 

Limits of Temperature Effects. 

Tho coils were arranged for a multiple-oro experiment; the balance was 
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taken at 3 25 iho battory was thon thrown m und kept in for about a 
quarter of an hour with the following results — 


h m 

3 25 
3 35 
3 42 


5007 

5020 

5022 


The reading therefore* increased by 15, the greater port of increase hiking 
place m tho first 10 imnutos Anothci eenca of experiments were mudo with 
singlo coils ngoinat single, as follows — 
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Grossed connexions 
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Itoducing these experiments by tho formuli given above w get 
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Sovoral impoitant inferences may be drawn from these experiments 

1 Tho difference of resistance between the middle coils decreases as tho 

tomporaturo increases, and that so regulurlj, that the value of D maybe used 
as a sort of thermometer, indicating how nearly these coils are kept at the 
same temperature during any seiics of expenments This fact shows tho 
propriety of using the appropriate \aluo of D for each oase in our reducing 
formula instead of the avomge value l V 

2 The coils 4 and 5 possoss the same property, thoagh m a loss degree 

3 The coils 1 and 2 possess this property to a very slight extent. 

4* The greatest effect that could be produced in a reasonable time ou tho 




46 MCPOBLT— 1876, 

different* between 2 and 3, by heating 2 and comparing it with 8 soaroely 

heated, if at all, was 18 

The abovo peculiarities suggested to mo to make a set of experiments on 
the plan of keeping the current going as much as possible. It was hoped 
that thus a certain hunting state, as regards temperature, would be arrived 
at, which from the construction of the coils would in a groat measure be 
independent of small variations of temperature in the expenmonting-room *. 

This method of proceeding would not introduce any error in the com¬ 
parison of single coil with single, and the error introduced into multiple-arc 
experiments would bo regular and could be allowed for The last of tho sots 
of expenments given below was conducted on this plan with satisfactory 
results 


Tabular Schemo of best Experiments. 


Single Coil with Single 

Multiple .Arc 



R.M.0 

BC 

LO 

X 

D 

KMC. 

Single 

0 

X 

D 


2 

2 

1 

5234 






Stnrting fresh and work- 

1 

it 

ti 

6022 

212 





mg quickly 

1 

3 

o 

4921 







2 



6135 

214 






2 

4 

3 

5074 







1 

tt 

ii 

■m2 

212 






1 

6 

4 

5046 







2 

M 

n 

5265 

200 






2 

1 

6 

4073 







1 

II 

f» 

4760 

213 






2 

2 

J 

5228 


1 

1 

5000 


The nmltiple-aro expert- 

1 



roil 

217 


tt 

6223 

223 

ments were started freeh f 

1 

1 

6 

47t>8 



6 

5035 


battery reversed, but no dif- 

2 

ii 

»» 

4082 

214 

1 

n 

4810 

225 

ferenoe found. The single- 

2 

6 

4 

5250 


i 

4 

4900 


coil experiment* followed 

1 


tt 

50‘!9 

211 

2 


6180 

220 

some little time after, some 

1 

4 

3 

4861 


2 

3 

6106 


experiments with cups and 

2 1 

ft 

it 

5078 

217 

1 

it 

4801 

215 

bows having been made in 

2 

3 

2 

MM3M 


1 

2 1 

4802 


the interval 

1 

h 

tt 

4925 

215 

2 

tt 

6110 

218 


2 

2 

1 

5228 


1 

1 

6024 


These experiments were 

1 

»» 

f» 

5028 

200 

2 

t» 

5227 

203 

worked slowly, the current 

\um 

MM 

5 

4771 


2 

6 

6032 


being kept on as much as 

KS 

19 

n 

4072 

201 

1 

tt 

4825 

207 

possible The tingle-coil ex¬ 

H 

IH 

4 

6238 


1 

4 

4963 


periments came first The 

1 


i» 

5038 

200 

2 

tt 

5170 

207 

last line gives a control ex¬ 

I 

4 

3 

4851 


2 

3 

5089 


periment The correction 

2 

it 

tt 

6067 

EH 

1 

tt 

AUUJ. 

TOOT 

206 

for magnetic field was for¬ 

2 

3 

2 

5143 


1 

2 

4905 


gotten in the multiple-arc 

1 

»» 

t» 

4935 

208 

mm 

tt 

5108 

203 

experiments, and in conse¬ 
quence 4 must be added to x 










I 

2 

1 

5024 


ill 

1 

5228 


throughout m the second set 


# No special means of helping the double and quintuple ooils at a constant temperature 
wm retorted to. The object wm not to find the resistance* of the coil* at any definite 
tenK Jrature* but to oompare them under the uan» circumstance* a* regards temperature. 
It was therefore thought that any attempt to surround the coils with water, £o would 
introduce greater errors than would arise from small variations of temperature in the room 
daring the experiment, 
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Kcduction and Comparison of the foregoing Experiments, 


r> 

X 

D — 58 
+ 

2(x—5000) 

'ji 

ft 

X 

ft — 58 —10 
+2(x—5000) 

Calc 

Diff 

Obs 

Ottlo. 


/ 

212 

5022 

4-108 

198 






Tho third col mi in gives 


214 

4021 

- 2 

UK! 






tlio values of a — /3, 

i\ 

212 

4802 

—112 

84 






P , 

tho fourth tho valuow 


20!) 

504(1 

4-243 

327 






i 

21.1 

4700 

-325 

i 






of a — ft, a —y, a — 




4~ 2 

1 

1 






these 


<217 

5011 

4-1*81 

181 

I 

223 5000 

4-105 

+184 

- 29 

The seventh and eighth 


215 

1927 

+ 7 

1S8 218.4802 

- 00 

- 42 

- 24 

col uinns gi ve the values 

■2\ 

217 

4801 

-111) 

00 

215 1801 

- 09 

- 51 

- 18 

of a—i(/i4* y+$+«), 

/l —i(rt4-y4“^+«) f &o 


211 

15030 

4-231 

300 

220,1900 

+ 72 

4- 98 

- 20 


(214 

4708 

-308 

1 

2254810 

-223 

-191 

- 32 

observed in multiple- 










arc experiments, and 
calculated from the 




- 8 

1 

! 

1 



-131 


— 129 

>uluc» of a— a - y f 
before found 


( 200 

5028 

1 

1 4-204 

204 

203 

5028 

*1-107 

4-217 

- 20 

Tho last column gives 


208 

4055 

+ 20 

230 

203 

4900 

- 41 

- 38 

- 3 

the excess of the ob- 

3< 

20(1 

4801 

-124 

100 

2 or 

4888 

- 81 

- 70 

- 11 

Horvod over the calcu¬ 


ax: 

5038 

1 +224 

330 

207 

4907 

+ 79 


- 0 

lated values of 


(201 

4771 

—300 


20U 

4820 

-197 

-195 

2 

! a-K/J+7+ J +«).*H‘ 



+ 21 




- 43 


- 42 



N H —In tho lout set of experiment* 52 *as used instead of 58 as the bridge correction. 


The first thing to remark 18 the smallness of the sums of a— ft, /3 — y, 
y — £, 5 —€, e —a, as found from single-coil experiments, the sum is theoreti¬ 
cally zero, and the largest deviation is about 20, which divided by 5 gives 
only 4 tor the average error of a determination. Here no error from want 
of symmetry comes in, and errors from irregular temperaturo effects very 
nearly balanco each other. 

In tho next place, taking the multiple-arc experiments of series No 2, we 
soe that there is a doviation of tho observed from tho calculated values of 
a- i(j8 + Y + 3 + 0 which averages 26 , and here, from tho way the experi¬ 
ments were conducted, tho temperature disturbances are probably very small. 
Again, toko the multiplo-aro experiments of senes No. 3. Here, from the 
manner of expenmenting, the temperature effects t vlll appear. We found that 
tho greatest effect wo could produce on one of the coils in a reasonable time 
was about 15, supposing that the whole of this was manifested m the 
single coil, we should get a quarter as much in each of the coils in the 
multiple arc (because tho current is halved), that w, we have j of 15 alto¬ 
gether in «-2(/3 + y+3 + «); ^is n <* es »itates ft correction of about 10 to 
be subtracted from the observed values. This is clearly the maximum 
correction, for after the first experiment wo turn into the multiple-aro coils 
that hare already been fully heated. Supposing, however, that we apply 
the fall correction in each case, we get for the average difference —18. 

This deviation is in the direction indicated by Sohueteris experiments, but 
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it is excessively small * Bupposo we coll it — 20 for convenience of calculation \ 
this corroeponds to the fraction of 30 ohms 

Bat tho whole donation 13 probably introduced by somo slight defect in 
the apparatus, and part at least can be accounted for ; for it occurred to me, 
xn looking over tho resulis quoted aliovo, that a defect m the insulation at 
the divided cup would partly account for such a deviation. Suppose that 
tho divided cup offered a very large, but not infinite, reeistauco f to the 
passage of tho curicnt, then iho single coil 111 multiplc-aic experiments would 

boroplaced by a multiple urc of resistance It 1 , v\horo 


Ilcnco 


It 1 = 30 — 


30 a 


'■M + f 


Now let us find what f must bo to give n decrease of 20 in our observ'd 
value of « - - ](/} -f y + V f e) . 


:iO J 20^ 

/ “0000 

/=G,000,000 


that is,/*=(> mogohms Curiously enough, when I pioceeded to measure the 
insulation resistance of the divided cup it camo out vory nearly 0 megohm* , 
but the insulation resistance between any two of tho )camming cups was 
found to bo about 12 megohms, which reduces tho correction somewhat. Tho 
complete solution of the problem would be complicated , but we ran) approxi¬ 
mate by conaidenng ouch of iho coils in tbo multiplo arc rcplaoed by a 
multiple arc whoso ftiins are 30 ohms utid 12 meghoms respectively ; thin 
requires that /?, y, t>, e should each bo reduced b) 10. Honco tho whole reduc¬ 
tion in « — + would bo on this supposition 10. It would really 

be somowhat less; howover, tins would almost bring the deviation between 
observation and calculation within tho limits of experimental error. Any 
remaining difference is probably duo to a defect in somo mcrcury-cup in tho 
multiple arc, for there being more tkero than on the other side of tho baloneo 
the chance of a defect ia greater. 

It ought to be mentionod that tho insulation of tho quintuple coil was 
tested, and found in every case to be of a higher order of magnitude than a 
megohm. 

Some time after tho series of experiments just described, I dismounted tho 
mercury-cups from tho stand, which had moantiino boon carofully dried on 
tho hot-water pipos m tho laboratory. Each cup was romouutod with a 
piece of gutta peroha between it and tho board ; and tho divided cup, which 
was found radically defective, was replaced by two mercury-cups on separate 
pioccs of insulating material. Tho insulation between every pair of cups was 
then tested afresh and found in every case of a higher order than a megohm. 

Tho experiments wore then repeated with tho altered stand. Tho Bcnsi- 
bility of the arrangement was about the same as before, although a loss 
electromotive torco was used (10 colls). Tho results wore much the some 
os beforo, except that the sum of tho values of a— .|(/3 + y-M + «)» &o. was 
now much smaller, two experiments giving -31 and —34, Dividing this 
by 5, wo get —0 for iho averago deviation, whioh is vory small. Tho fact 
that wo still get a roault in the same direction shows that this is not on 
a^Tidontnl oiror; but it might very well be accounted for by somo of tho 
suppositions mentioned already. It might also arise fiom over-correction for 
symmetry* 
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On iho whole, therefore, wo cannot conclude that thoro was any deviation 
from Ohm’s luw under the circumstances of this exporimont. It is hardly 
worth while to ostimato the valuo of this experiment quantitatively, as the 
bocoik! experiment now to bo described is so for superior in this respect. 

Second Experiment. 

Introduction, by Prof. Maxwell. 

The semeo rendered to clectueal science by Dr G S Ohm can only bo 
rightly estimated when wo compare the language of (hoso writers on electri¬ 
city who wore ignorant of Ohm’s law with that of thoso whohavo understood 
and adopted it 

liy tho lovmor, olocliie currents aio said to vary aB regards both their 
“ qu mtity ' and their “ intensity*,” two qualities tho nature of which was 
veiy impel foil} c\pl lined by tedious and yaguo expositions 

In the wutmgs ot the lattei, after the elementary terms “ Electromotive 
Force,” “ Strength of Cui rent,” and “ Electric ltesistanre ” have been defined, 
the whole doctnno of curients becomes disliiiLt and plain. 

Ohm's law may bo stated thus *— 

The clectromotivo force which must net on a homogeneous conductor in 
order to maintain a given steady cuncnt through it, is numcntally equal to 
the product of the resistance ot the conductor into tlio strength ot tho current 
through it If, thciefore, wo define tho resistance of a conductor as tho 
ratio of tho numerical valuo of the elect romotno force lo tho numerical 
value of tho strength of tho current, Ohm's law asserts that this ratio is 
constant—that is, that its value docs not depend on that of the oloctro- 
motivo forco or of tho cui rent 

Tho resistance, as thus defined, depends on tho nature and form of tho 
conductor, and on its physical condition as regirds tempciaturo, strain, &c.; 
but if Ohm’s law is true, it docs not depend on the strength of tho current. 

Ohm’s law must, at least at present, bo considered a purely empirical 
ono No attempt to deduce it fiom pure dynamical principles has as yot 
been successful • indeed Webor’s latest theoretical investigations * on this 
subject have led hi in to suspect that Ohm’s Jaw is not true, but that, a a the 
electromotive force inci eases without limit, the cut rent iucroasts Blower and 
slower, so that tho ‘ resistance,” as defined by Ohm's law, would increaso 
with tho electromotive force. On tho other hand, SchuRterf has described 
experiments which lead him to suspect ft deviation from Ohm’s law, but in 
tho opposite direction, tho resistance being smaller for great currents than 
for small ones. 

LorentzJ, of Leyden, has also proposed a theory according to which Ohm’s 
law would ccaso to bo true for lapully varying currouts Tho rapidity of 
variation, however, which, as ho supposes, would cause a perccptiblo deviation 
from Ohm’s law, must bo comparable with tho rate of vibration of light, so 
that it would bo impossible by any experiments other than optical ones to 
tost this theory. 

The conduction of electricity through a resisting medium is a procoss in 
which part of tho energy of an electnc current, flowing in a defimto direc¬ 
tion, is spent in imparting to tho molccuks of tho medium that irregular 
agitation which we call heat To calculate from any hypothesis as to tho 
moleoular constitution of tho medium at what rato tho energy of a given 

* P ogg Ann 1875 t Reporl of British Association, 1874, 

t Over do TerugkaaUing on Broking van net Lioht, Leiden, 1875. 
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ourrent would bo Bpent in this way, would require a far more perfect know¬ 
ledge of tho dynamical theory of bodies than wo at present possoss. It ib 
only by ©xpenmont that we can ascertain the laws of processes of which wo 
do not understand tho dynamical theory. 

Wo therefore define, as tho resistance of a conductor, tho'ratio of the 
numerical value of the electromotive force to that ol the strength of tho 
current, and we have to determine by experiment tho conditions which affect 
tho value of this ratio. 

Thus if E denotes the electromotive force acting from one electrode of the 
conductor to the other, C the strength ol tho cuirent flowing through the 
conductor, and K the resistance ot tho current, have by definition 



and if 11 is tho heat generated in the time t , and if J ib the dynamical equi¬ 
valent of heat, we have by the principle of conservation of energy 

JH=>EC7=H0 3 /=-jf t 

The quantity 11, which wo have defined ns the lesistaneo of tho conductor, 
can he determined only by experiment. Its valuo may therefore, for any 
thing we know, bo affected by each and all of the physical conditions to 
which tho conductor may be subjected. 

Thus wo know that the resistance is altered by a change of tho tempciature 
of tho conductor, and also by mechanical stuun and by magnetization* 

Tho question which is now before us is wht thor the current itself is or is 
not one of the physical conditions which may affect tho value of tho resist¬ 
ance , and this quostion we cannot decide except by experiment. 

Lot us thereforo assume that tho resistance of a given conductor at a 
given temporaturo is a function of tho strength of tho current Since the 
resistance of a conductor is tho same for the same current in whichever 
direction tho current flows, tho expression for the resistance can contain 
only even powers of the current 

Let us suppose, therefore, that tho resistance of a conductor of unit 
length and unit section is 

r (1+sc 2 -|“3 , c 4 + &c ), 

whero r is tho resistance corresponding to an infinitely small current, and 
c is tho current through unit ot soction, and s, s' &c are small coefficients to be 
determined by experiment Tho coefficient a *, s' &c represent tho devia¬ 
tions from Ohm’s law. If Ohm h law is accurate, these coefficients ato zero ; 
also if e is the electromotive force acting on this conductor, 

e==rr(l ). 

Now let us consider another conductor of the sumo suhstanco whose length 
is L and whose soction is A; then if E is tho electromotive force on this con-* 
duotor, and « that on unit of length, 

E«L€. 

Also if C bo the current through tho conductor and t that through unit of 
aroa, 

CbAu, 
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Hence tlio resistance of this conductor will be 




,r I , , 1 C 1 . s'C* ' 

r( 1+ a< + A +te 


Now let us suppose two conductors of tho same matorml but of diffoient 
dimensions arranged in aeries and the same current passed through both 

Il '= A, ( 1+ A,‘ + Sc )’ 

5T0+"+**-> 

whore tho Buflivos indicate to which conductor the quantities belong The 
ratio of tho resist linos is 

Jt!“v k( 1+sU (V“A;) + ic ) 


Itenco if Ohm’s law is not true, and if, thorofoie, any of the quantities s\ 
&c have sensible values, the latio of tho resistances will depend on the 
strength of the cm rent 

Now tho ratio of two resistances may be measured with groat accuracy 
by means of Wheatstone’s bridge. 

We therefore arrange the bridge so that one branch of tho current passes 
first through a fine wire a few centimetres long, and then through a 
much longer and thicker wire of about the sumo resistance Tho other 
branch of tho current passes through two resistances, equal to each other, 
but much greater than the other two, so that very little ot the heatiug-offoct 
of tho current is produced m these auxiliary resistances 

Tile bridge is formed by connecting tho electrodes of a galvanomoter, ono 
to tho junction of the fino wiro and tho thick one, and the other to a point 
between tbe oilier two resistances 

Wo have thus a method of testing the ratio of tho resistances of tho fine wiro 
to that of the thick one , and by passing through tho bridge sometimes a feeble 
cunent and sometimes a powerful ono, wo might ascertain if the ratio differed 
in the two eases 

But this direct method is rondorod useless by tho fact that the current 
generates heal, which raises tho temporaturo of both wires, but that of Ihe 
thin wiro most lapidlj , and this makes it impossible to compare tho offsets 
of strong and weak currents through a conductor at one and the same 
tomperuture. 

It ih also unless to work with weak currents, as tho effect depends on 
tho square ot tho current, and is bo small as to have escaped observation in 
all ordinary experiments. 

Again, if we wore to uso a single very strong current acting for a very short 
time, we should not bo able to observe tho galvanomoter in a satisfactory 
manner. In fact it waB found in tho experiment that cuirents which lasted 
for a sixtieth part of a second produced a heating-cffoct which interfered 
with the measurements Tho experiment was therefore arranged so that a 
strong current and a weak one wero passed through the bridge alternately ; 
and when the bridge was so arranged that the galvanometer was in equili¬ 
brium, the direction of the weaker current was revorsed. If Ohm’s law were 
not true, tlio condition of equilibrium for strong currents would bo different 
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from that for weaker ones, so that when tho weak currents woro roversod 
there would bo no longer equilibrium 8mco, in point of fact, tho reversal 
of the weaker currents did not affect tho equilibrium, it follows that tho 
bridge wns in equilibrium foi tho weaker eunents as well as for tho strongei 
ones, and thercloie tho conditions wore tho samo for both, and Ohm’s law 
is truo to within tho limits of error of tho experiment, Tho mode m 
which tho actual strength of tho currents was measured and tho limits of 
error Ascertained, arc described in the following Repoit by Mr. Chrystol. 


Report oa the Second Ejqnnunut Thj 0 CuuxsrvL. 

As has been pointed out by Professor Maxwell, the change in tho specific 
rcBistunco of a linear conductor, it there be an} such change owing to increase 
or dccreaso of tho current, will depend on the amount oi current that passes 
through unit of area of its section , so that if C bo tho whole current passing, 
r the specific resistance for infinitely small current, l the length, w tho section, 
and h a constant depending on the nature of tho conductor, then the resis¬ 
tances of tho conductor w ill be 



or if Rbo the rosi&tunco for infinitely small eunents, 11 



It is clear, therefore, that by making up a resistance of ver) fine wire, say 
of an inch in diametci, any such effect as that wo have been looking for 
would bo greatly multiplied Accordingly tho following experiment, tho 
principle of which is due to Professor Maxwell, w r as undertaken by tho writer 
of this Report. 

The figuro represents a Wheatstones budge, in which tho resistances AB 
and BI) are each equal to a (in tho actual 
experiment 30 ohms), AC a resistance made 
up of a thin wire whose resistance for in¬ 
finitely small currents is It (this we supposo 
to bo duly oorrccted for temperature, as w ill 
bo explained by-and-by), and partly of a 
length of the thick platinum-indium wuo 
of tho B A. bridge, whoso resistance is i 
CD consists of a resistance composed of tint k 
wire equal to R, and of tho rest of the 
bridge-wire, whoso resistance is Z — *v 

With a current C, w being the section of 
fino wiro, its resistance is = R(1-^C^), 
whoro 

k 

> l =w-- 

T _ 211(1 , , 

It bo the approximate resistance of the whole bridge (wo suppoRO 

that there is noaily a balance), B that of the battery circuit, then E being 
the eloctromoti\ o force of the battery, 


Fig. 5. 


u 





* The sign of h is chosen according to Schuster’s suggestion* 
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ihon A denoting tho dilcimimml of ilu system of 1 outdances (bee Mi\- 
wulls 1 1 lectricity, vol i p 3)3), wo hi\o / denoting tho cuucnt m the 
g ilvanoinolcr, 

f/ =^{/-Ji+l^PL'} . (1) 

1 10 m (1) it follows it once tlmt tli gieater L the fuither to (ho right tho 
h il nit t vvill he piovidcd p ih >0 

I t us n>w,matcud of keeping up m clcctiomotivc foice 1 const mtl), null c 
in die mat ion Bomo linn lrcd tune a second be tvvu n an c lectroniotivc f)ieo 
1 ml in t U ctromotive fouc )/\ * tin n supposing c icli to opei Ue for an equal 
time, tliu wlnlo cuuuit through the g ilvunoinctcr is gi\cn by 

+1^1X1 + ^)} (2) 

if the olcctromotm force has in both cises the samo direction, and by 

0=f A UZ-2O(l-y)i ... (i) 

il the directions ire opposite 

It appeals, therefore, as m w obvious without calculation, that tho values 
of i which give \ lulanco are ncithei the Burnt in the two c ises (2) and ( J), 
nor oqual to that in the ousc of either elec tioirotiv o force acting continuous]) 
Tn fact tho balance is an apparent one if ja bo >0, duo to tho fact that wo 
aro m case (2) as much under tho balance for tho largor electromotive force 
(pul effect on the galvanometer) as we ar< over tli it for tho smalh r, so that 
the nocdlc is kitkc 1 equally this way and that so rapidly that it remains still 
Similar icnsomng would Bhow that the balance for case (3) lies most to tho 
light of all In fiet tho v dues of i aic — 

Smallei okctromotivo force alono i = jjZ + ltjiP'b/I 2 }> 

Case (2) a = sl^ + P/iPXl — V + y )L 3 }» 

I arger elcctiemotive force alone i = j{Z + HyiP i h2}, 

Chso (3) v = £{?++ 

which are evident]) in ascending older il y bo < I 

Suppose now wo find the baluncc for ca^o (2) and then levorso our smaller 
< lcctromotivo foiee the balance being thus disturbed, there vv ill bo aourrent 
through the galvanometer and m oultr tooxpcnment at tho greatest advan¬ 
tage this must be made a m iwraum 

bubstitutmg the second of the above values of a in formula (i), wo got 


M/fo-jf), .(4) 

whnh is a maximum as fir us y is concerned when y tho vuluo of y 
being then 

aRP 3 E 3 

4 ^ • • • .(£) 


Ihe advantage of this method of experimenting is that it eliminates to a great 
extent tho tomporaturo effect, which is similar to tho effect wo nro looking 
for, except that it depends on tho time, which tho other probably would not 


* N B In vrbat follows y is supposed < 1 
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do, and it is of course opposite in direction. If wo make our alternations 
quick enough tho wire will not cool sensibly during tho smaller current, nor 
heat sensibly during the larger, but will ncttlo down to a mean iemperuture 
between that due to the larger and smaller currents. 

In the above calculation wo havo supposed tho resistance of tho fine wire 
for infinitely email aments to be that corresponding to this mean tempera¬ 
ture, winch will bo constant throughout the expenmont piovidod tho electro¬ 
motive f 01 era do not var). 

If, however, the alternations arc not quick enough to ensure temperaturo- 
equilibnum, then the thin wire will be hotter during tho passage of the larger 
current than it is dunng that of the buiuller; and there will bo an effect 
opposite to that we are looking for, a result which appeared m many of tho 
experiments 

The experiment proved very difficult in practice, chiefly owing to tho diffi¬ 
culty experienced m getting a good alternator, and it was only after a great 
many total or partial failures that any thing like success wa3 attained. A 
sketch of the pi ogress of the experiment, with an account of the more im¬ 
portant difficulties, and how they were finally avoided or overcome, may bo of 
some interest 

Iu the first place tho galvanometer indications in a Wlioatstono’s bridge, 
arranged as above described, arc somewhat peculiar 

Suppose wo are somewhere near a balanco for somo temperature of tho 
thin wire above that ot the room , then on turning on the current there is a 
sharp kick m one direction, say to tho right, then ri slower hut still tolerably 
quick swing over to the left, and then a gradual subsidence back to zero or 
thereabouts, whuh may lust for half an hour or longer. If this were due 
solely to variation in tho resistance of tho tlnn wire the curvo of time-resis¬ 
tance would bo of this nature—• 


Fig. 0. 



It hud been found that tho thin wire was very sensitive to air-currontfl, 
merely blowing towards it from a considerable distance sending the spot off 
the galvunomcter-ecalo, in fact to get any approach to steadiness the wire 
had to bo enclosed in a box, and latterly it was enclosed in a narrow tube, 
and that again loosely rolled in a silk pocket-handkerchief, and tho whole 
enclosed m a box It was therefore at hrst suspected that the peoulianty in 
question was duo to air-curronte ; but somo experiments, with tho wire in an 
exhausted tube showed that it w T as duo to some other cause This cause was 
found in tho slow heating of tho thick wire against which the thin wire ^as 
, balanced, and somo obvious experiments were rondo confirming this con¬ 
clusion *. 

* The behaviour of tho galvanometer is therefore explained m ttys way —The first sharp 
short kick is dus to tho fa ct that before the thin wire isneated its resistance is much smaller 
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This slow variation of tho balance was sometimes avoided by letting tho 
bittu 109 work until it had died away, uiul sometimes it was allowed tor by 
suitably ariangiug the ordei of exponment 

As it was of considerible importance to hnvo a battery which could bo 
rtlud on for constancy for some time, six largo Daniells wore charged for 
tho purposo They were cells intended for a Ihomsons batter}, but w(ro 
fitted up for convenience with copper plates 18 inches s<jn ire, upon which 
was strewed sulphite of coppei, which again wis covered with a thm lu}cr 
of sawdust moistened with zinc sulph ik, and on the top of tins was plaocd a 
hcav} grating ot zinc iwo plica wero mude consisting resptetnely ot four 
and two f these elements, and wero used in moat of the experiments The 
internal usistanco of these piles ian to about 4 and d ohms respectivolj llic 
eleotiomotivo force was repeated!} tested during the experiments 

4t first a Moibo ke} woiked r ipully by the hand was tried for an alter 
nator tins method, though loading to no dclimto rosults, seemed to show 
tho possibility ot success I lieu a rotating alternator driven b} hand was 
tned, but it was found that tho results though much bitter woio still very 
much disturbed by the lmgularit ios ot the dm mg Next a rotating oltcr- 
nutor was male b} MY (j unott and htti d to a Jcnl ins go\oinor this also 
after ro])eated trials was gnon up, the mini difficult} bang that ot getting up 
sufficient speed without introducing so much lesistimo as to go bc}ond tho 
range of the gov< inor Homo of the results got with tins arr ingiment wao 
tiurl} good, how tnu, and wall bo given below In the an mgement adopted 
m the final experiments the alternation wis managed by means of a pair of 
oloetnc inning-folks lor the uso ot these dunng the Tout term I am in¬ 
debted to the kinduoss of Dr Michael Foster 

1 uud An angement 

Ijg 7, p 3(>, gives u selumt of the final urangement A13 is tho 
bridge already mentioned in the liepnt 1 (iG is tho galvmomeUr circuit 
Botwoon D and L an 1 1 and 1 are insert* d two icsistancts ot It) ohms 
each W is the fine win II a coil of thick German silver wire of resestanco 
noarly equal to tint of tho tine wire K i smill resistance-box from which 
twentieths could bo got, tho fm il adjustment being ol course made by moving 
tho block 0 D is connoctod with the stun of tho tuning-fork 1H1, whoso 
prongs uro each provided with a dippoi, and corresponding to the dippers 
aro two mercury cups whoso heights are adjustable M and N are tho piles 
of four and two Darnells O is a commutator, b} means of which tho smaller 
battery can bo thrown in either way, or thrown out altogethtr as desired 
One terminal of the commutator goes to tho cup T, tho other to l 1 The othor 
cup, 8, is connoctod with ono polo of tho largoi battery, tho other pole of 
which is connected with F thiaugh a key, I, by opening or closing which the 
battery M may bo thrown out or in at pleasure The rest of the figure re¬ 
presents an auxiliary battery,tT, whoso oirornt goes through another fork,V W, 
working a brook at W, and through tho electromagnets of tho forks VW 
and PQ This latter battery and fork thereforo simply dnvo the fork PQ 


than that corresponding to a balance, the quick swing m the opposite direction is due to 
the sudden rise of temperature causing a corresponding increase of resistance, the slow 
rstum movement is due to the increase of the balancing resistance owing to the gradual 
development of heat m the thick wire 
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Tho action of PQ is obvious. When tho prongs approach ciuh other tlio 
upper dipper is depressed into the mercury m H, while tho lower dipper is 
raised out of tho mercury in T, ho that tho current of tho larger buttory 
passes, and vice versd when tho prongs separate; and it is easy enough by 
throwing a galvanometer in instead of ono of the battenes, and then sotting 
the fork going with tho other on, to adjust the break m such away that there 
is perfect independence between the two currents This tost was m fact ac¬ 
tually applied ovthcr at tho beginning or end of cadi set of experiments. Wo 
have thus alternately sent through the bridge certain definite fractions of 
the whole current due to the largo and small batteries. What fractions theso 
aro will dopend on the nicety with which the break is adjusted (with perfect 
adjustment it would be ono half of oach), and also on tho state of tho mercury 
surfaces and of tho dippers. As may bo imagined, tho main difficulty of tho 
experiment lay in getting tho dippers to work properly. Sovernl sorts wero 
tned; plain copper amalgamated was found to act fairly well, but broad 
spade-shapod pieces of platinum-foil answered on tho whole best The sur¬ 
face of the mercury was covered with spirit, which is effectual so far in pre¬ 
venting the spoiling of tho surface; but ultimately tho cups get clogged with 
finely divided mercury, and then all regular action is at an end. It waa 
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f unci, howevor, that with somo care tho break could be got to woik long 
c iough to allow ot good results boing obtained 

On account of this gradual alterition of tho break and for other reasons 
as well, it was of vital importance to bo able during the experiment to obtain 
omo mcasuie of the amount ot cun eat that pabsed as lepiobcntutivo of tho 
! irgo and ^mull cunent icspcctivcly for tho experiment would obviously bo 
nugutoiy it, mate id of tho sinallci current being mail) halt tlu laigt r, 
it became, owing to delonoi ation of contact m tho cup S cqu d to what ought 
t) be tho largei current lo provide for this the expel imcnts were conducted 
is follows —lhc balance was iound whether ior laiger cunents ftlono or 
smaller aloi (acting dnccti) or with the tor] going), or ie 1 l(th tee, thor 
in the same or in opposite diudi ms then the block w is m ved us quickly 
as posHiblo (> centuriH iiom the position of balanco, md tlu dtflection winch 
then appeared was read off tins lcfleetion is ippioxnnatcl) ] roportioml to 
the current Knowing then the electromotive fnee of uthei Imttciy audits 
lute mil resistaiiM, ono could not only tell wluthci tho cui rents w ere pausing 
neaily in the right prcpoition but also estimate re uglily how much cuircnt 
absolutely passed m each c is< In some of tho best experiments a more ac¬ 
curate method was adopted — Iho point 1) was pit tocaith an 1 tho point 
1 connected by means of a long lnsulih d wnc with t no pan ot tl c quudinnts 
of a IhomRon a electrometer in tho fl it ot tho laboiatoi) below the loom where 
tho (xpeliment was earned on flit <thoi pm ot qu idi mis being ‘put to 
oirth,° tho defloetion obscivtd on tho clutiomctci scale w is a duect mt isuro 
of tho electromotive foieo between I) and 1 —that ir, of the quantity denoted 

obo\o by ]{ ^E 

Bofoio giving tho quantitative icsults obtained fiom the most satisfactory 
txpenments, it may bo well to explain the principle on which these have been 
selected from tho othcis In nil tho experiments quoted (hue was oithci 
something remarkable, bucli as a high battery power, &c , oi else the balmcos 
were obtained under verj favourable circumstances, the spot of light being 
very steady, and the piopoitions of current passing, as indicated by tho 
BUiBibilitics* or electrometer measuiemcnts, being near the theoretically best 
amounts. Often where tho hi oaks wcie not working satisfactorily, by work¬ 
ing quickly a qualitatiYo experiment could bo made, the bebiviour of tho 
galvanometer indicating to an observer practised in tho exponment that tho 
pioportions of current passing weie not far wiong and often pirt of an 
exponment could be mado perfectly satisfictonly, aud then tho vpparatus 
wouldgooutof order But in ull tho experiments, whemvir tho rcsultswero 
at all intelligible (regulai), tho conclusion pointed to never difliicd from that 
given by tho host oxpeiiments, xw cithti tho balanco for tho currents m 
opposite direction lay more to tho left than that for tho ouirents m the same 
direction, or the two coincided Of this tho observer sparod no troublo in 
assuring himself ovon in experiments that wtro quantitatively utterly value¬ 
less 

1 he first sot of experiments quoted, which are not of much value quan¬ 
titatively, may servo to illustrate what has just bcon said In this set the 
time is given becuuso the oxpcnmonts wero made during tho slow hcating- 
effoct already alluded to Iho spot of light was not perfectly steady, though 
much steadier foi tho -1— balances than for the others, the bridge-reading 
is given to tenths of a millimetre, though of courso in tho prebent case for 

* The deflection due to six centimetres deviation from balance is oailed the sensibility 
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the + -f balances accuracy to lew than a millimetre was not attained. The 
ftltornator wa a tho rotating pioco made by Mr. Garnett, driven by tho 
governoi, which, judging by the icgulanty and smallness of the oscillations 
of its brako-wheel, went very uniformly during the whole experiment Tho 
ruto of ievolution was about threo turns (causing os many alternations) 
per second. The sensibilities for -}- -f and + — wero respectively about 150 
and 45 during tho experiment, so that the huge and small currents would ho 
proportional to about 07 and 52 resprctiwly The fine wire was a small 
length of German-silver wno m. in diameter, whoso lesistauco was 
about 7*3 ohms, and the counfcer-balnnc ing resistance was 7 3 ohms, taken 
entirely from the small i( rust nice-box. Tho governor being started, tho 
batteries were set on at 4 (> 
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It will be seen that with some little irregularity tho balance on tho whole 
went steadily to the right during some threo quarters of an hour, In one 

point all the observations agree, viz. that the 4-balance is more to the 

loft by 1 to 3 centimetres than tho -f* for tho corresponding time. If Alt 
be the amount by which tho average resistance is less for the smaller than 
for tho larger current, then taking 250 as tho difference betweon the balances, 
we get easily, from tho formula} given above (our unit of roustance being 
tho resistance of millim. of the bndge-wiro, i. r. ohm), 

250 

Alt -j— = 500 (taking y = £). 

Now the variation in resistance of German silver being about ‘044 percent, 
per deg. Cent, we get for 1°C on 7 3 ohms a variation of about i:$(> in our 
present units Itenco tho avorago temperature of the thin wire was some¬ 
thing over 1° C less during tho smaller than dunng tho larger current. 
Neither tho magmtudo of tho cooling effect nor tho irregularities m tho 
progression of tho balance in this experiment is to be wondered at, since 
wo know that air-currcnts have a very powerful effect in cooling the thin 
wire; and hero tho wire was merely enclosed in a box to protect it from air- 
gusts, but was otherwise unprotected. Wo ought thcroforo to expect very 
Httle of this effect in most of the following experiments, where tho altorna- 
jfcions were 20 times as fast, and where tho wire was enclosed in a narrow 
Tube protected from temperature variations 

In the experiment next quoted, the alternations wero made by moans of 
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tho tuning-forks, and were at the rate of 00 per second. The resistance of 
the thin wire was very nearly the same, and it wan enclosed m a narrow tube. 
Tho four Darnells had run down a good deal, being not quite equivalent to 
three, and tho two bad vanod in proportion Tho resistance which balanced 
the wire was, oxciusivo ol tho brulgo-wire, 7 25 ohms. 
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It will bo soon that tho effect that was ho conspicuous in tho first experi¬ 
ment scarcely appears hero at nil It was in fact bo small that Us appearance 
might be duo to progress of tho balanco m tho mtcival between tho five 
observations. 

In tlio next experiment tho wire had a resistance of about T4 ohms , tho 
material was German aih or, and tho diameter tho samo as before Tho 
resistance agunst which it was balanced was a German-silver wuo of about 
*12 centun diameter, wound on a bobbin, tho resistaneo of which was 4 45 
ohms. The Darnells had been fiesli charged, nud wero ai ranged in piles of 
four and two as usual, tho respective miornal resistances being about 5 and 3 . 
Tho small resistu nco-box was on tho loft with tho thin muc 
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The experiment is marked in tho laboratory book as very steady It will 
bo remarked that tho sensibilities aro largo and well proportioned, for if 
wo had theoretically perfect adjustment, the sum would ha\o bcou 155 and 
the difference 54, as against 170 and 53 Tho + 4 - balance is of courso 
much more dolieato than the 4 —, but oven for the latter (6 centimotros 
gmng, saj, 54) wo have 8 scale-divisions to a oontimetzo, so that we may 

rely on our 4 -balunoea to about a millimetre This oxponmont therefore 

indicates a coincidence of the two balances within *0016 per cent. 

A good many experiments were tried with higher electromotive forces; but 
though qualitative results of some interest were got, sufficient steadiness could 
not be obtained to make the results of use quantitatively. In most of these 
tho thin wire was over a rod heat, xn fact m many of them the experiment 
ended with tho melting of the wire. In general there appeared to bo a good 
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(led of the offoct duo to temperature oscillations already lcfencd to In ono 
experiment m i>aiticulai in winch a Groves buticiy was used, withaltcini 
tions at the rate ot only thnty \ ei second, this offeet cime out very strong, 
tho spot swinging oil the sc tie whin the binallcr t nttcry w is reversed 

Without dwelling on these, I pioceed to guo tho icsulla tf the final set of 
experiments, which who in o\eiy way by tu the nust s dist ictorv 

In the three loll wing expeuments the Daniel Is w (it us< d is hetoro , (lie 
nltomatims were m ide by meins tl the tmnng-f il s it the into ot 00 p i 
bcconil Unco wires wue experiment* d en, a platinum, a Guman-silw 1 , 
and an non wire lhc lulmcing resistance wus tho tirnnn bihor bobbin 
with sm ill resist into box, which was on tho left except in the second experi¬ 
ment, whcie it wi st n tl o u n ht lhc e lech emotive foice between D and L 
wifl now loun 1 dntelh ly the electiometei, as a c ntrol tho bonsilnhtn s 
are giun s well Tuw i ide pointed platinum dijiois were used, and 
answered admnaldy dunng the ivhede time the c\]K.rimcnts wcio going on 
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In tho last set of experiments a higher elcetromotnc force was med vi/ 
four colls of (jrro\e and two every thing clbo being ns befoxc Iho same tlucc 
wires wore experimented ui on, hut with perfect succi bs in the case of the non 
wire only In tho experiments on tho other two, ulthough tliu chctromctci 
readings were \ory btcudy and satisfactory, jot a steady balance could not 
bo obtained btill it could be seen that tho 4—1~ and — bahinccH did not 
differ by much it beemed that there was, in tho esse ot the Gum in sihcr 
who, a tending towards the dlut wo often alluded to 
The following is tho experiment with tho iron w ire — 
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lining the addition il data that tho resistance of tho metro of platinum- 
ip wire on tho budge is 075 ohm, and that Iatimor Clark’B Standard 
Coli (1 457 volt) produces a deflection on tho electrometer used of ubout 320 
divisions, wc got roughly*tho following results (e denotes tho olectromotivo 
* Electrometer deflection for Latimer Clark i Standard = 330 
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force in volts between D and F, i. c. the E of the formula above; 8 de¬ 
notes the radius in centimetres of tho fine wire , the other letters liavo the 
same meanings as before) — 



Tho formula by which the limit to h is calculated is 

7 Ar/rV 

11=3 ~i/UF'E rt 

whoro Ar is tho difference between + -f and -f — balances (seo above). Tn 
tho fom experiments discussed, tho arrangement ivas abundantly sufficient 
to indicate a difference of a millimetre, so that Ar is 


<w oh ™-' 



Assuming, then, that tho heating- und cooling-effect discussed above may be 

neglected, tho result of the experiments is that h is certainly loss than 

In other words, if wo have a conductor whose section is a square contimetro, 
and whoso rcsiRtanco for infinitely small currents is an ohm, its resistance 
(prodded tho temperature is kept tho samo) is not diminished by ao much as 

tho part when a cuncnt of a faiad per second passes through it. 

With regard to tho heating- and cooling-effect, it must evidently bo very 
small, since it takes place, if at all, in something like tho y-L- part of a second. 
It is of course possible that these alternations wore at that particular rate for 
which the two effects would balanoo each other, but whon wo cons/er that 
the temporut tiros of tho thin wire were very different in the different ex¬ 
periments (notably eo in (3) and (4) with the iron wno, where tho current 
passing was in one case more than double that in the other), and that tho 
boating- and cooling-effect must depend on the temperature of tho wiro, while 
tho other is independent of tlmt as well os of the rato of alternation, tho pro¬ 
bability that any such balancing of tho two effects existod at nil is reduced to 
almost nothing Wo may therefore look ou this oxponmuit us a verification 
of Ohm’s law to tho degieo of accuracy indicated above. 


Appendix. 

While thinking how to repeat Dr, Schuster's experiments as nearly as was 
possiblo without tho command of a sino-inductor, tho wntor of tho Kopoit 
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was lod to try a third experiment in verification of Ohm’s law. If thero be 
a ponodic variation of the primary of an induction-coil, the time integral of 
the electromotive force in the secondary through one complete oscillation 
will be zero , but if the vunation consist of a Bharp break, although Ihm 
law holds, jet the om illation in the sccomlaiy mny bo divided into two parts, 
m one of which the maximum intensity is \ci) much greater than m the 
other. If it be tiuo, then, that a more intense tun out encounters less 
resistance than n less intense current, clearly the law above stated can no 
longer hold, the law has, in fact, been deduced on the supposition that the 
resistance is independent of the strength of the current. 

It follows, therefore, that if wo send tho induction-currents from the 
seeondarj of an induction-coil, whoso primary is made and broken by a tuning- 
fork, thiough a helix of duo w ire to make suit 1 of bunging out (ho effects wo 
are looLiug for, then tlu* needle of a galvanometer introduced into the 
second ir\ will be defied! d so us to indicate a current in tho dncction of the 
current duo to breaking tlic primary 

Certain anomalous, and at first sight contradictory, results led the writer 
to study the behaviour of a gulvanometoi under these eircuiuhtaruos The 
result was tile suggestion of a theory winch explained the anomalies com¬ 
pletely, and indicated the existence of certain other phenomena winch were 
afterwards observed 

Tho results are, so fui ns tho wnter has boon able to leurn, partly new. 
Although not of suflkun! linpoitanee in connexion with the present subject 
to require detailed mention here, yet it was though! best to slate the results 
bo far as thej bear on the question, reserving a detailed account for publica¬ 
tion elsewhere * 

It was found that, under the circumstances indicated above, tho indication 
of a galvanometer ih a function of the ratio of the stiongths of the magnetic 
field when there is no curient and when the aments aie passing, and also 
of the position of equilibrium of the needle when there is no current. 

Theory aud observation gi\o ulike, among others, the following peculiari¬ 
ties :— 

1. If the ratio of tho magnetic foieos due to tho currents to that acting 
on tho needle when thero is no current does not exceed a eertuin quantity, 
then if the position of rest of axis of the needle is inclined at an angle a (< 9CP) 
to the piano of the coil-windings, tho effect of the alternating currents is to 
increase that angle, so that, according as the nocdlo is deflected one way or 
the other by means of the deflecting magnet, we get opposite effects 

The effect is zero when a is zoro 

2. If tho above-mentioned rntio exceeds a certain value, the position of the 
noodle parallel to the windings (t c, for a = 0) becomes unstable, and there now 
appear two poaitions of equilibrium of equal inclination either way to the 
cod-windings. Either of these the needle will take up and keep if brought 
there with sufficiently small velocity 

The greater tho ratio, tho more nearly those two positions approach to 
parallelism with tho piano of the coil-windings. 

The last-mentioned phenomenon was described long ago by Toggendorff, 
under the name of" doppclsinnigo Ablonkung,” and was and has been regarded 
apparently as an unstable phenomenon, 

^fho first-mentioned form of tho phenomenon has not, so far os the wnter 
knows, been hitherto desenbod anywhere. 

In repeating Dr. Schuster’s experiments by superposing a small current 

* fhil. Hag [v.] voUu, p. 401. 
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of constant direction on tho alternating current# the writer has never been 
able to detect any effect that could not bo explained by the above results. 
Ho has not been able to uso u smo-inductor as yet, m that a completo discus¬ 
sion of Dr. Schuster’s results from tins point of view has not been possiblo. 

Tho strong analogy of the phenomena to those obtained by Dr. Schuster, 
and the fact that it has boon found possiblo to produce the phenomenon in 
threo different galvanometers (it is of importance to remark that the needle 
was elongated m all cases where tho effect was strong), must, however, be 
regarded as affecting tho probability of conclusions drawn from experiments 
of this kind about the truth of Ohm’s law. 


Report of the Committee , consisting of the Rev. II E Barnes, II. E. 
Dresser (Secretary), T IIarland, J E Karting, T J. Monk, 
Professor Newton, and the Rev Canon Tristram, appointed for 
the purpose of inquiring into the possibility of establishing a “Close 
Time” for the protection of indigenous animals , and for wahhmg 
Bills introduced into Parliament affecting this subject 

Youn Committee has the pleasure of stating that Mr Chaplin, M.P tor Mid 
Lincolnshire, lost no time in fulfilling his promise, announced in its Inst. 
Report, and immediately on tho meeting of Parliament introduced into tho 
House of Commons the Bill for tho Presciration of Wild Fowl, which had 
been prepared by your Committee, and bus been referred to in its former 
Reports. 

in older to aid Mr Chaplin’s efforts and to explain tho objects of the Bill, 
your Committee in February last issued and extensively circulated tho 
following statement *— 

“Tho Committee dooms it expedient to offer a summary of its former 
Reports, and a statement of its present views, in regard to tho probability 
of action being taken in Parliament during tho ensuing Session for the 
attainment of further protection of birds. 

“ It has long since been stated by the Committee—and the statement is 
bo)ond contradiction—that tho birds which are comprehended under tho 
common designation of Wild Fowl have, of all others, with the exception of 
Birds-of-prey, most rapidly diminished in numbers throughout tho Unitod 
Kingdom, and it cannot be doubted that their decrease is still going on 
“ The reasons which hinder the Committee from reeonimonding any legis¬ 
lative protection to Bird«-of-prey are almost too obvious to need explanation, 
Tho Committee, while bolioving tho existenco of such birds m certain 
districts, and m numbers which are not excessive, is beneficial, is aware 
that the contrary opinion is very strongly upheld by a largo class of persons, 
and is fully persuaded that were it possiblo to pass an Act for the protection 
of these birds, its enforcement in a single instance would give tho signal for 
an agitation for its repeal, which would seriously damage tho cause of bird- 
protection in generaL 

“ On the other hand, no charge of injurioosneM had etcr beon brought— 
or, if brought, could possibly be maintained—against Wild Fowl os a whole; 
while the employment that their capture affords to a considerable portion of 
the population, and their utility as an artido of food to almost the whole 
community, render their protootion highly desirable from an economical point 
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of view Tho notorious and rapid decrease in their numbers is to bo ascribed 
to causes that mnj bo classed undor two heads,—(1) ‘Indirect* and (2) 

* Direct * 

“(1) The indirect causes of the docrcaso of Wild Fowl aro attributable to 
the diminution of their breeding-haunts by draining, the reclamation ot 
waste lauds, and agricultural improvements generally, and with these it 
would of course not only be impossible, but manifestly improper, for the 
legislature to interfere, for with them (lie prosperity of tho country at large 
is mtmutety bound up So far, then, as icgards thtn effects, the birds must 
take their chance 

u (2) Tho direct causes, on the other hand, nio as plainly capable of 
control, for thev aio attubutable to the destruction of tho breeding-stock, 
and chiefly by tho gun As soon as birds pair in tho spring they lay aside 
much of their habitual caution, uml Income easy victims to the gunner 
Long after the p.uring-season lias begun our markets aro plentifully storked 
with Wild Fowl of every description , and it ib obvious that every pair ot 
birds killed at that time of )oar signifies tho destruction of a whole brood, as 
well as that of its ini ending parenLs. 

ft Wild-Fowl shooting gives, as has been above stated, employment to a» 
largo number of men, who make a profession of it These raon, however, 
aro accustomed to cm tarn restiamts m pursuing their vocation They are 
all compelled to take out a gun-1 i cense, and many of them arc aware that 
they aro piohibitol from exercising their calling m coitain watord and over 
certain lands Tho notion of restiaint to them is, therefore, not new; and 
tho Committee behoves that tho most intelligent of them would gladly re¬ 
cognize tho propriety of a wcll-Considorod and shmgont measure, that by 
effectually protecting Wild Fowl during tho breeding season would secure to 
them ft greater abundance at other times of tho year 

u Tho Wild Fowl, for whose protection a moic stringent measure is now 
about to be proposed, are, it is tmo, already named m the 1 Wild-Birds Pro¬ 
tection Act;* but owing to then market able value being groatly in exerss of 
tho penalties which that Act pi escribes—very propelly, may bo, in regard to 
the other birds it names—they enjoy little or no loal protection therefrom 

“The great success which has attended tho working of tho ‘ Soa-Birds 
Preservation Act/ m which tho penalties are much highor than in tho ‘ \\ lld- 
Ihrds Protection Act/ encourages tho Committeo to behove that an Act on 
tho samo principle of tho former, hut applied to Wild Fowl, would bo equally 
successful; audio this end the Committeo recommend tho passing of such 
a Bill as was introduced by Mr. Andrew Johnson in 1872. This Bdl, it will 
bo remembered, was tho foundation of tho existing ‘ Wild-Birds Protection 
Act/ but was bo entirely altered m its passngo through Parliament as to 
become useless for tho protection of tho group of birds it was at first intended 
to protect. 

“ The * Wild-Birds Protection Act' may well bo left as it Is, since public 
opinion was, and is, decidedly in favour ot some such legislation. Its failing 
to protect Wild Fowl efficiently gives no room for its repeal, but the Com¬ 
mittee regards it as being virtually ineffective to produeo any practical good. 

“ The Committeo thinks it necessary to state once more, that of tbo Bruull 
Birds which so deeply engage tho sympathies of many of the public, there 
are but few kinds which havo boon proved, on any good evidenoe, to bo 
£ fmmshing in numbers, and that the docrcaso of these is owing muoh logs 
to any direct destruction or persecution than to indirect causes, such os havo 
been already referred to, and declared to be uncontrollable by the legislature. 
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The diminution of such birds as the Wheatom the Goldfinch, and Linnet c iu 
be immedi itely tracod to the breaking up and bringing under cultivation of 
commons, and so probably of the rest, while, on the other hind it is obvious 
that many kinds of Small Birds have largely increased in number owing to 
the spread of plantations and the security fiom molestation during the 
breeding-season they enjoy through the incessant attention given to the 
preservation of game 

“At tho same time the Committee is of opinion that some steps for the 
Regulation of Bird catchers might well be tiken with tho approve! not only 
of the general public but of the better class of bird catchers themselves 
and, should bucccbs attend its present attempt tho Committee would roidily 
direct its efforts to thut object 

Your Committee has the gratific ition of reporting that tho opposition which 
the Bill encountered in tho House of Commons though Boriously intended 
Was happilj overcome by tho good management of Mr ( haphn and his 
seconder Mr Kodwcll Q C \ division was taken on the motion for tho 
Second Heading, when tho numbers a n amst it were 13, and m its favour 337 
—an almost absolute majoidy of the wholo House 

In doftrenco to certain objections which wore raised in Committee, Mr 
Chaplin consented to an alteration c f tho original dr ift Bill as regards tho 
days when tho proposed Cbso lime should begin md end lour Com¬ 
mittee cannot wholly approvo ot this ch mgo but as it docs not aflcct the 
length of the season, tho modification stems not to bo vcij impoitant whik 
Mr Chaplins adr it acceptmcc ot it uuq astion iblj hived the Bill 

No fuithci altcrati m was in ide l he Bill having \ isso l the Comm ins 
Was kindly t ikon charge of in tho Upper Hous by IolJ Honnikcr md 
finally received the Itojal Ysscnt on the 1 Ith of Jul> 

In congi itulating all who have at hcait the pi election of inligonous 
animals in this hippy result jour Committee desires t) point out tint then 
most Binccie thanks are due to the nobleman and gentlemen already named, 
as well as to others who aided tlu passage of the Bill through b th Houses, 
and, in paiticular the offoits of Lord Walsinghara deserve especial recognition 
With regard to tho taking of any further steps jour Comnnttco can only 
suggest tho possibility of something being done in tbo direction indicate l bj 
tho last paragraph of tho foregoing statement Tho difficulties howevu, m 
the way of passing any measuro for the .Regulation ot Bird catelius, which 
should be at onco effectual and acceptable to Parliament, seem to be \ciy 
groat, and jour Committee is not sanguine of tho success of any immediate 
attempt to attain this end 

Qhe Son Birds Prcserv ition Act contmucs to work satisfuetouly on tho 
whole, though jour Committee lias leason to ft nr that its provisions have 
been disicgardcd in certain places Some time has elapsed since anj prose¬ 
cution under it has taken pluco and its cnfoiccnuut m a few instances m 
the course of the next jiar may bo needed to show that it cannot bo violated 
with impunity To this object your Committee, if reappointed, will give its 
attention, meanwhile it may bo observed that the Act is verj favourably 
regarded in most placos, and that, by authontj of its tlnid section, tho 
Secretary of State for the Homo Department has, on tho recommendation of 
tho justices of tho I ast Hiding of lork in Quxrtei Sessions assembled, ex¬ 
tended the “ Close Time on tho coast of that eountj from the 1st to the 
15th of August 

Your Committee respectfully urges its reappointment 
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Report of the Committee, consisting of James R. Napier, F.R.S* } Sir 
W, Thomson, FR S , W. Fkoihjk, F.R.S , and Osborne Reynolds 

(Secretary), appointed to investigate the effect of Propellers on the 

Steering of Vessels . , 

[PxjAte I ] 

The Committee commenced opciations by punting the following Circular, and 
sending copies of it to the Admiralty and to those shipowners with whom 
the individual members of the Committee were personally acquainted, or 
those who m their opinion were likely to assist in the in\estimation — 

“ Tin, Eitiusu Ansocrwrov jok hie Ad\ vncement op ScrFuer. 
u JCupa {ment* on the Tinning of Strew Steamers 

tf At the Meeting of the British Association in Bristol last year, a paper 
was read by Professor Osboino Reynolds, m wlmh it was shown, from ex¬ 
periments upon models, that m a steamer when the screw is m motion, the 
direction in which the rudder tends to turn the ship depends on whether the 
screw is driving uhead or astern, and is independent of tho actual motion of 
the Bhip through the wator , foi instance, it when a ship 3ms headway on 
tho screw ia)revelsed, then the action of tho rudder is tho snmo in direction 
us that of a ship going nstern , or if the ship have stcinway on, and the 
serow be alurted to diive hci ahead, then tho rudder acts as if Bho were going 
ahead. 

“ After the discussion of tho papei, Mr James R Napier, Sir William 
Thomson, Mr. W Froude, and Professor Reynolds weie appointed a Com¬ 
mittee to c.ury tho imestigainm fuither, and paiticulurly to asceitain if the 
same results would bo obtained when tho experiments wore made with full- 
sued ships. 

“ In order to collect sufficient data to establish a general conclusion, tho 
Committco are anxious to obtain tho assistance of such shipowners and 
captains of ships as may bo willing to aid them 

“ Tho Committee accordingly ask that certain trials and observations may 
be made, and tho results, together wilh tho name, si/o, tonnage, and condi¬ 
tion of loading of tho ship, us well as the depth of immoision of tho screw, 
tho date and name of tho officer in charge, may bo forwarded to Professor 
Reynolds, Owens Collcgo, Manchester, or to any of tho Members of Com¬ 
mittee. 

“ Lt is alsQ paihcularly requested that tho kind of screw and tho number 
of blades may bo etntod, and whether tho screw is right- or left-hand*d. By 
a right-handed screw is understood one m which tho upper blades movo from 
port to stat board when driving tbo ship ahead. 

“The following aro tho timls requested — 

“ Trial I.—That when tho ship is going full speed aheud, the screw should 
bo suddenly reversed and the rudder put hard over, ns if to turn tho ship to 
starboard of her course, und careful notice taken ns to the way in which tho 
ship turns before all headway is lost, 

“Trial II,—The same repeated with tho rudder set in the opposite 
direction. . 

u Trial III.—That when the ship ia going fust astern tho screw should 
mddenly be started to drive her ahead, and the rudder put hard over to the 
same sido os in Tnol I. 

u Trial IY. —Trial III. repeated with the rudder in tho opposite direction. 
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Trial V.—That tho Bhip should bo driven full speed alioad with tho helm 
amidships, and notice taken as to the direction m which the ship turns 
under tho action of tho screw. 

“ Trial VI —That tho ship should bo driven full speed uhoad, then tho 
screw reversed, with the helm amidalnpH, and notice taken in which direc¬ 
tion the ship turns.” 

“ Afar / 3, 1870.” 

After sending tho Circular tho Committee received a coni mu ideation from 
tho Secretary to the Admiralty, to the effect that the Admiralty hnd ordered 
the oxpennumts to be made, and that the results should be foiwarded 

As tho result of their application to private owners, the Committee obtained 
tho U80 of three \ohro1s, upon which tho to]lowing trials wore made. 

Experiment* made with the * Jlifetfa,' below/my to the Em l of Glamfow y 
Captain It Hunter, on the (Uh June, between Woinys Hay and the Cumbrac 

The ‘Viilcttu’ measures SO tons, and was drawing during tho trials 
5' 0" forward and <>' 0" aft Her btiew, whnh is light-bunded, is .V 0" m 
diameter, and during the trials w as lmmetsed about 1', it is .i-bloded, and 
has a pitch of 8' (i'\ 'When at full speed the * Ynlctta ’ make* about 0J 
knots an hour. 

During the tuals tho seconds were called out by Mr. Jamos It. Napier. 
Mr Itottomlcy, who was acting for Sir William Thomson, wfttohod tho angles 
through which tho boat turned, by means of a dumb compass, while tho 
signals for turning and slopping the vessel were given by Professor Itcynokb 

Tho first trial was of tho effect which Uio screw exerted to turn the ship 
with the helm amidships When at full speed she turned to port at tho rate 
of about 7° per minute, or, as it is usually exprossed, she earned a port helm 
However, as tho speed of tho engines was reduced the ton den ey to turn tho 
ship to port was reduced, and when going verj bIow (about 5 miles nn hour) 
the ship turned slightly in the opposito dnection. When going fust the 
serow churned air into the water, but not w’hon it was going slow. 

Tho effect of tho Bcrew to turn the ship with tho helm nmidship, although 
appreciable, was not of sufficient magnitude to bo taken into account in the 
results of the subsequent experiment And as this effect was almost tho 
samo with tho wind on either bow, it was o\ubmt that, although tho wind 
was blowing with some little force, its effect to turn tho vessel was also 
unimportant. 

These preliminaries having been settled, tho ship was diiven full spied 
ahead, then the screw reversed ns suddenly as possible, and immediately the 
engines began to turn astern tho rudder was put hard over At first on 
rovcrsal tho ongmes turned but slowly, and it was not until the boat had lost 
some of her way that they tumod full speed astern. 

Four observations wero taken m this way with the helm to port, two with 
head to wind, and two before the wind; and similar observations were laken 
with tho helm to starboard All four observations with tho helm to port 
gave nearly tho same results, and so with the helm to starboard. 

The mean results wore as follow's — 

With tho helm ported (which, had tho engines been going abend, would 
have brought the ship's bead round to starboard at a rate of nearly 2° a 
second) the vessel at first, whilo tho screw was turning but slowly, com¬ 
menced turning to starboard, and had turned through 6° in 9 seconds, she 
tbon commenced turning to port, and in 16 seconds moro, -when eho bad 
nearly lost all way, she had returned 13 ° to port or about 8° to port qj her 
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original direction, / e m tho oppoaito way to that in which sho would have 
turned had the screw been kept on ahead. 

With tho holm to sturboaid, at tho end of 10 seconds sho had turned 
through i\ J to port, and in L4 scconcls more, when she had nearly lost way, 
sho had cowo back i4 J to starboard or 8' to starboard ot her tmgmal direc¬ 
tion , that is, as bcfoic, m tho opposito waj to that m which sho would have 
tinned had the screw been kept on ahead. 

With this ship, theiefore, although the levelling of the screw did not at 
once reverse tho action of tho rudder, it greatly reduced its effect, and 
reversed it in timo for the slop to hnve turned 8° out of her courso before she 
had come to rest-—that is, 8° out of the direction in which Bho headed on 
the leversal of hei screw, and considering that, during tho 25 seconds in which 
she was stopping, had her screw been kept on ahead she would have turned 
through some 60°, tho effect of reversing the engines was to bring tho ship 
some 58° out of tho direction sho might have occupiod. 

K.cpt) nnents uith (hi Hopper Barge, No. 12, belonging to the Cl)do 
Navigation Trust, Captain J fiairio, on Juuo 7, ofr Kilcreggan, Itosnoath 

These experiments wcio conducted in a similar manner to thoso on tho 
1 Valet til/ the same members of the Committee taking pait in them. 

Tho baige when loaded carries 400 tons of mud, is 110 lect long, was 
drawing during the fiist sot of e\penmonts 11' 0" aft and 0' 0" forward, and 
when light, dining tho second sot, 8' 2 ' alt or 4 ft forward. Tho top of tho 
propeller is 8' 0" fumi the bottom of tho keel The screw, which is right- 
handed, has thioe blades, and is 8 foot in diumetcr and 10 feet pitch. 

Tho fust set of experiments weio made with the barge lioad to windward, 
the wind being of much tho same force as on the previous day. Tho mud 
was then disthaigcd, and the barge put bolero the wind, and the experiments 
repeated. 

When loaded and going to windward with tho helm amidships, tho bargo 
sheeted lust to port and then to htarbouul Tins was apparently owing to 
tho screw churning the wuter intermittently , when tho wuko was apparently 
clear tho boat turned to starboard, and when tho sciew was churning air 
into tho water sho turned to port. 

When tho sciew was roversed with full way on, and afterwards tho helm 
put haul over cither to poit or starboard, tho action of tho rudder was 
always ie\orscd, and was \ei) decided It lequirtd 1 minute for the screw 
to bring tho boat to rest, and during that limo sho turned from 65° to 00°, 
moving slowl) at first, and moic rnpidl) as hor speed diminished. 

Tho rovcific action of tho rudder was thcreforo much more decided than in 
the case of the 4 Valetta/ which was accounted for b) tbo fact that the screw 
was reversed to full speed at once, tho engincor being un old locomotive 
engmo-dnver uccustomcd to ro\erse suddcul), besides which tho boat boing 
much heavier allow od more time for tho operation 

When the boat was going full speed astern, tho screw reversed to full speed 
ahead, tho action of tho ruddor was tho same in direction as if she had boon 
going ahead, but it was vory slow 

When tho barge was steaming full speed ahead with tho rudder haid over, 
she turned at tho rate of 1° in 1 second. 

With this vessel, theieforo, tho effect of reversing tho screw was to cause 
her to turn through more than 130° from tho direction in which sho 
headed when the reverse action set m; and considering that in tLo same 
time she would have turned through 00° in the opposite direction had tho 
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engines been kept on ahead, the effect of rtveismg was to tuin her through. 
90 J from tho position she would have occupied had the engines kept on 
ahead. 

Rrpenment* with the Steam Vacht ‘ Cohimha? hdomjuuj to Ihs dune the 
Didc of ArtpfU , Juno 29, in (fare Loch, the weather ycry line, with little 
wind. 

The drauglit of tho vessel was 10 feet aft and !S' 2" foiward She was 
fitted with a Gnffith’R Hcrcw T 1" in diameter and 12 f pitch The experi¬ 
ments were witnessed by Mi James K Napici and his son, Mr ltotiert T 
Napier When tho yessel was going full speed ahead (about 10 knots) tho 
engines were reversed, and tho helm immediately put to stmboaid , the ves¬ 
sel tinned to starboard until her fonvard way was lost, the time between the 
reversal ot tho engines and the stopping of the ship being about 1 minute 

When tho vcbsel was going full speed ahead the helm was sot to port, and 
shortly after tho scicw ie\ei<cd Tho yoMvol turned to starboaid at first, 
and then to port until all wa\ was lost The turning to starboard nt first 
was tho natural result of tho holm liaung been ported before tho screw was 
reversed. 

In tho trials on this ship no measurements were made of tho angles 
turned through The diroction of turning, how'ever, w as tho same as be¬ 
fore, tho reversing of tho screw at oneo reversing the effort of tho rudder 

In nil threo of these vessels, therefore, tho same effect on the steering waft 
produced b> tho reversing of the screw' when the vessel was at full speed 

Tho importftneo of this effect may perhaps ho host scon from the diagrams 
(Hate I.), showing thn various positions occupied by tho * Yaletta’ and tho 
barge compared with thobc they would have occupied had the sciows not been 
rovoraod 

In these diagrams tho directions of the vessels correspond with the actual 
measurements during tho trials; tho positions and distances travelled being 
estimated fiotn the known speed ot the vessels It had been tho intention 
of the Committee to use one of Mr NapieCs pressuir logs m order to ascer¬ 
tain exactly the positions of tho vessels duiing the trial, but this intention 
was not carried out. 

Diagram 1 shows tho courses run by tw o ships after the reversing of tho 
screw until thej had lost nil \\a> compared w ith tho courses they would have 
run had the} continued under full steam, the helm being hard to port 

A glance at this diagram is sufficient to show r whut u fatal mistake it must 
ho when a collision is imminent to nwerso the sciew. and then use tho ludder 
as if tho ship would answer to it in the usual manner. 

But perhaps, os regards collisions, tho most important result is that 
shown m diagram 2 —namely, tho positions of tho ships when they have not 
lost more than half their way, and when, ns regards the distanco run, the 
effect of roversing the screw is but small. 

As la shown in this diagram, it appears that W'hcther tho reversing of the 
screw reverse tho action of tho rudder or not, the rudder is nearly powerless 
to turn tho ship, and that she will turn not only moro rapidly, but in loss 
room when going full speed ahead. 

Before closing their Beport, tho Committee desire to express their thanks 
to the Earl of Glasgow, tho Clyde Navigation Trust, and Hih Grace tho Duke 
of Argyll, for the use of their vessels, and to the officers and crews who 
assisted in making the arrangements and conducting the expen men ts. 
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On the Investigation of the Steering Qualities of Ships. 

By Prof. Osborne Reynolds. 

[A ecmimimiouhon ordered by the General Committee to be printed tn eatfowo ] 

Tnn prnnaiy object of using steam power m ships is to enable them to pass 
quickly overlong diM.in.ccs, Under normal cncuinstuncofl rapidity and cei- 
tamty m mumruvnng arc matters of secondary importance, but circum- 
Rtuneos do arise undei which these powers are ot vital importance. Expon- 
oncc has (aught those who go down to the sea m steam-ships that theu 
greatest danger is that ot collision, and fogs aro feaiod much more than 
stonnM, That there must always bo danger when long ships arc driven at 
full speed thiongh ciowdtd seas in a dense fog cannot bo doubted ; but this 
danger is obviously muensed many told when those in command of the ships 
are under tho impression th it a certain motion of tho helm will turn the 
ship in tho opposite duectvon to that \\\ which it does turn 

The uncertainty which at present exists m tho manoeuvring of largo ships 
is amply proved by tho numeums collisions which havo oeeuired between tho 
ships of our own navy-whilo midoav curing to execute ordinury movements 
under the most favourable circumstances, and with no enemy bofoie them 
These incidents may bo, ami have hoen, looked upon as indicating imperfec¬ 
tions in tho ships or tho manner m which they were handled, but it must 
bo admit tod that tho ships arc tho best and beat found in tho world, and 
that they are commanded by the most skilful and highly Gained seamen 
alivo. And if penccablo ships fail m their manoeuvres when simply trying 
not to hurt each other, what w ill lie tho c.iso of lighting ships when trying 
to do all they can to destroy each other ; It tho general impiession as to 
the impoitaut part which the ram is to play in tho naval combats of the 
futuie is ever leali/ed, then certainty in manoeuvring must not only be of 
very grout importance (this it lias always boon in sea lights), but it must 
occupy tho very fust place in the fighting qualities of the ship. 

Now the results of tho investigation of tlic effect of reversing tho pro- 
pelloiB on the action of the rudder appear to show thut, however capricious 
the behavioui of ships has hitherto seemed, it is in reality subjoct to laws ; 
and that by a senes of caroful trials tho comniandor of a ship may inform 
himself how his ship will behave under all eireumstancos 

Tho experiments of the Committee on large ships havo completely esta¬ 
blished the fact to which it was my principal object last year to diroct atten¬ 
tion, namely, that tho reversing of tho screw of a vessel with full way on 
very much diminishes her steering-power, and reverses what little it leuveg; 
so that whoro a collision is imminent, to icverso tho screw and use tho rudder 
as if the slop would answor to it in tho usual manner is a certain way of 
bringing about tho collision. And to judge from tho accounts of collisions, 
this is pronsely wlint is done 111 nine cases out of ton. In the paper of 
to-day I find tho following (August 22, 1876):— 

“ The Fatal Colhsion off At ha Craty .—Tho Hoard of Trade inquiry into 
the collision between tho steamer * Owl’ and the schoonfcT-yacht ‘ Madcap 9 
was continued at Liverpool yesterday. Two passengers by tho * Owl 9 wore 
recalled, and spoke to some of tho facts of the collision. The night was not 
jmisty, though some rain had fallen. Thoy saw the green light of tho yacht 
shining bnghtly after tho collision. William Maher, thud officer of the 
‘ Owl/ said it was tho chief officer's watch at the time of tho collision* 
There were five aide soamon in tho watch. Witness and the chief officer 
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were on the bndgo One man was on the look-out from the starboard sido 
of the bridge His ordinary place was on tho forocastlo-head, but he was 
not placed there thit night, as there was a heavy head sea, and the vcsm. 1 
was shipping watei His attention was eiliud to a light by tho look-out 
man It was almost ahead ib>ut a mile and a halt off He could not at 
first distinguish whether it was red 01 green, as it was dim, but when lie 
mado it out to be a green light it bolt two to three points on the port bow, 
and it was only three or four lengths off Ho heard no order given to tho 
man at the whoel when the light was first reported, but when witness found 
that it was a green light ho ordeted tho helm hard lport It tho steamer 
had stnrboirded at this timo she would have gone right over tho jacht Iho 
* Owl’ had been going at tho late of six 01 seven knots, but when ftho col¬ 
lided there waB no way on lu r, tho engines lnvmg been reversed Alter tho 
yacht went down tho eaptun endued a bo it to be got out, but subsequently 
count< rmanded the older, on the giound tli it moio Ilvcs woull bo lost, as it 
was not fit to go ont At tin close of his examination tho witness stated 
that he would not have gone out m a boat on bueh a night as that, even if 
the captain had order* d him—a lemirk which appeared to greatly istonigh 
tho nautical assessors 

Ho ported his helm ti bring Ins ship round to starboard, but ho also 
reversed bis screw and us he m\s nothing about hiving again slaiboarded 
his helm, it would appe n tint iiom tlio tiuic ot lcvusing tho screw until 
tho collision (time enough to stop tho ship), she had moved stiaight ft r- 
Ward or inclined to poit Had ho not levtrsed his screw, but kepi on full 
speed, it is clear tho collision could n t liavo happened, tor at the time tho 
collision did happen las ship would hive been moro than lur own length 
awny from the spot where tin collision oceuiied Ho idruitUd himself that 
to have etarboaideal Ins helm mUht hxvo brought about tho collision, bo ho 
ported lm helm and roversed his sciow, which, as it had the same efkct, did 
bring about tho collision 

lrom tho Committee’s rapoit just reul, it appeals that a slap will turn 
faster, and for an an 0 lo of d<> D , m less room when din nig lull speed ahead, 
than with her engines reversed even it tbo rudder is lightly used thus 
when an obstacle is too near to admit ot stopping tho ship, then, as was done 
in the caso of tho ‘Ohio,* mentioned in my paper last yoar, the ouly chance 
is to keep the engines on full speed ahead, and so to givo tho rudder an 
opportunity ot doing iU woih 

lheso general law? aro of tho greatest importance, but they apply in dif¬ 
ferent degrees to different slaps, and oaeh commander should, determine for 
himself how lus ship will behave A ship s ordinar} etcenng-powor may 
soon bo learnt in general use, but not s > tho < ffect of stopping , there is 
thought to bo a certain nsk m suddenly levcreing the ongiuos, which any ouo 
in ehargo of a ship will shnuk from, unless he knows it w lecognized as pait 
of his duty 

It is also highly important Hint the effect of tbo reyorsal of tho screw 
should be generally recognized, particularly in tho law courls, form tho 
present state of opiniou on the subject, there can bo no doubt that judgment 
would go against any commander who had steamed on ahoad, knowing that 
by bo doing he had the boat chance of avoiding a collision, or who had 
ported hu helm in order to bring his ship’s head round to port, with tho 
screw reversed. It seems to mo, therefore, that it would be well if steps 
could be taken by this Association to bring the mattei prominently beforo 
the Admiralty, the Board of Trade* and those oonoerned m navigation. 
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80 fat as the capabilities of each individual ship nro concerned, thore is no 
insuperablo difficulty or n^k about the experiment*, and to have determined 
theao will bo a great point When tho officois know exactly what can be 
dpne in the way of tinning their ships, and how to do it, tho chances of 
aocidouts must bo greatly reduced. 

But at nil events tor fighting ships it is desirable that tho officers should 
ha\e experience beyond the meio turning poweis of tlicii own ships When 
two ships are inameuvnng so ns to avoid or bring about a collision, each 
commander bus to tako mlo account tho movements of his opponent To 
enable him to do this with readiness, it would bo necessary to have friendly 
encounters, A fight between two ships whoso captains hud never beforo 
fought, would bo like a tournament between two novico knights who had 
never practiced with pointless speam , and such a contest, although not un¬ 
equal, must bo decided by chauco rather than skill. 

Unfortunately sham fights or tournaments between ships with blunt rams 
would bo about as dangerous ns a renl fight, and the chance of an accident 
would ho fai too great for such friendly tournament, however important, 
ever to become an essential part of tho training of a naval officer, ns they 
were of the knights of old. For although, should war arise, tho danger from 
want of expenenco may bo even greater than tho danger of an accident in 
gaining such experience by frundl) fights, }ot, as tho chanco of war is 
always remote, tho former nsk would bo preferred, and this is not all. 

As yet there has been no such thing as a ramming fight between steam- 
ships, so that not only are our officers without actual oxpenence, but even 
tho rules by whirh they nro instructed to act (the rules of naval tatties) aro 
based entirely on theoretical considerations, and hence are ver^ imperfect 

Now theio appeals to mo to he a means by which cxpenouco of tho 
counter-manoeuvring powers of ships, ns well as the manoeuvring powders of 
single ships, could be asccitamed without an> of the risk and but little of 
the cost al tending on the trials of largo ships, and which, if not equal to an 
actual fight, would be very useful as a means of training tho officers 

It small steam-launches weie constiucted similar to the ship, bo that 
they lepresented Ihoee ships on a given siule (say one tenth linear measure), 
and their engines were so adjusted that they could only steam at what wo 
may call the Bpeed corresponding to that of tho larger ships, then two 
launches would manoeuvre in an exactly similar manner to tho largo ship, 
turning m one tenth the room, mid the time which the manoeuvres with 
tho launches would take would onlj he about half that occupied by similar 
manoeuvres with full-si^ed ship? The only points in which it would be 
necessary that tho model should represent the ship would bo in its shape 
under water and as regards tho longitudinal disposition of its weights. I he 
centre of gravity should occupy the same position amidships, and tho longi¬ 
tudinal radius of g) ration of the model should boar tho same proportion to 
that of tho ship as tho other linear dimensions In other respects tho model 
might be raafy as was moat convenient. It might be made of wood, and so 
strengthened that two models might run into each other with impunity. 

There would not bo much difficulty in so strengthening tho modols, as tho 
speed of the models would be very small. For instance, if tho spood of the 
•hln#ere 13 j knots, thon that of the model would bo 4J knots, 

J study of tho qualities of Bhips from experiments on their models has 
iMjtSSntil recent years led to any important results. But this in great part 
was’owing to tho faot that proper account had not been taken of tho effect 
of tho wave caused by tho ship and tho consequent resistance. It was not 
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1 nown that tho waves Hot up by the model hoar tho same rolihon to the 
Bi?e of the model as the waves set up by tho ship do to tho ship when, and 
only when, the speed of the model is to the speed of tho ship m the ratio of 
tho square root of the ratio of thur lengths 

Simo this ftet has been rtcognutd, most important information has been 
obtained by oxpuimenting on modi Is Mr 1 loudi, by rtergm/mg this luw, 
Ins been ihh to bring tho toinpunson ot ships by muuis of then models to 
sueh a degree of pertiction, that he can now predict with certainty tho com- 
paintivo and actual resistance of ships bcloio they aio constructed, and tho 
great praotic il value of his results Ime be< n recognized by tho Admirdty 
What I propose is \ntinlly to extend these oxpoumeuts on models so as 
to make them embrace tho steeling powcis of ships as well as their lesia- 
tances Ihe manner of expuinn ntmg would have to bo somewhat altered 
Steam-launches would h i\e to he sul stituted for dummy models but tho 
principle of the ixpirimcnts would have to it mam tho same, and the speed 
of the launches must bi rigid ited by the seme law as that of tho models 
Ihe turning qualities ot such launches might be vonfied by comparing 
than with ihe turning qualities of the slivph as found by nctmil experiment, 
and then tho models might hi handed over t> the officue of tho ships, and 
they might practice encounters mil manoeuvres until they knew not only 
what they could do with thur ships, hut whit it was best to do in. order to 
outmnnoouvro each othoi, md tins without any cost or risk 

Jhc behaviour of the models w oul 1 be m til respects similar to that of tho 
ships, tho only difference being that the maurpums would be on a smaller 
scale, and the ?calc of the manauvies would be tho same as that of the 
models, bo that the stop from the models to tho large ships would bo cns> , 
and fumilianty with the working of the ships as well as the models undei 
ordinaiy circumstances would prep ire the office ih for using tho Bhips m on 
actual fight as they have been accustomed to use tho models in their fntndly 
encounters Ihe scheme here proposed lias its parrllol m military schools. 
Although “autumn manoeuvres and sham fights afford soldiers a much 
bettor opportunity of preparing themselves for battle than any thing at 
present within reach ot tho sailors, still tho war game appears to bo 
growing in favour, and this is nothing moro than practising manoeuvres in 
miniature 

Independently of thur valuo as a means of training naval officers, such 
models would afford a moans of study mg nnv al tactics 1 rom them might bo 
learnt tho way in which a ship should strive to approach another of nearly 
equal power and speed, so as to use her iam to tho greatest advantage , and 
of this as yet but very little can be known and, except on models, it can 
only be karnfc from expci lments on tho ships 
Important ns aro tho laws which have been verified by tho Committee on 
the steering of sciow-steamers, it appears to mo that tho most impoifcant 
lesson to bo learnt from their investigation is, that thero is nothing capri¬ 
cious in tho behaviour of those Bhips lo realize tho value of thus lesson 
the investigation must bo followed up , and it appeals that the best way to 
do this would bo by tho aid of model launches on the plan thus roughly 
sketched out 
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Seventh Report on Earthquakes in Scotland , drawn up by Dr. Brycb, 
F.G S. y F 72.jSi.J5. The Committee consists of Dr Bryce, FG.S , Sir 
W. Thomson, F>R S , J Brouou, (i Forbes, FJi S.Ey D, Mu.ne- 
IIome, F.R S.E. , and P. Drummond. 

The state of quiownco alluded to m last )onrN ltoport has suffered 
ecarcoly any mtcrniption dunng the current }car Xo movement has oc¬ 
curred of sufficient intensity to aflect any of the instruments employed by 
tho Committee for testing the shocks The Association will bo aware that 
those are tho flcismometci, constructed on tho pnnriplo of tho mveited pen¬ 
dulum, which is placed in tho tower ot tho parish chinch of Comne, and two 
sola of upright cylinders, described m Inst year’s ltoport, which stand on 
boards on tho sanded floor of a budding elected two jonrs ago by Ihe Asso¬ 
ciation upon a site, half a mile v\est of the Comne church, kmdly granted by 
P. Drummond, Esq , of Dunoain, in tho grounds suirounding his house 
This building stands in tho Comno valley, on a boss oi rook of tho same 
kmd of slate of which the adjacent lulls and ridges aro composed, and which 
can bo traced into continuity with those on both sides of the valley It was 
therefore expected that cylinders so placed would readily lespond to any 
movement affecting tho rocks on either side of tho \ alley, more especially 
as the contre or focus from which it has hitlieito been considered that tho 
movements have emanated is at no great distance on tho noith side of tho 
valley. 

This expectation has not boon realized, inasmuch as two slight shocks were 
oxpenoncod on tho 14th and IGth of January, m tho morning and afternoon, 
Without affecting tho seismometer or the cylinders, even thoso of smallest dia¬ 
meter, which a very slight movement is sufficient to lay prostrate m tho sand. 
It is easy to sco that a very extreme sensibility must bo uvoided in order to 
guard against tho effects of other distuibing causes—as a storm of wind, a 
peal of thunder near at hand, or a heavy footfall on tho rock outside; and 
hence that an undulation, propagated from a distant centre, might bo so 
retarded by tho resistance of rocky masses as not to produce tho roquired 
amount of disturbance Tho ovidence furnished by sevoinl moat intelligent 
and trustworthy persons leaves no doubt that on tho day mentioned a very 
slight shock was really felt on tho north side of tho valley, that the move¬ 
ment soomod to cotno from the westward, and was attended by a slight 
noiso, which died gradually away towards tho south-east. 

This somewhat disappointing result has led your Comihitteo to add two 
more cjlmders of increased delicacy to each set, and to uso every effort to 
obtain suitable sites for other sets more to tho wcBt and north, and also 
further down tho valley, as near Dumra, the conjectured focus, and tlmt 
fixed on by Mr Milne-Homo in tho former inquiry, in Glen Lednoch near 
the edge of tho oruptivo grauito tract, whonco tho late disturbance seems 
to havo proceeded; and, if possible, also at Ardoch, Dunblauo, and Bridge 
of Allan, at all of which the shocks of 1873 woro so severely felt. The 
expenso would bo inconsiderable, tho difficulty to be encountered is the 
procuring of a suitable and safe sito and a competent observer. Your Com¬ 
mittee earnestly hope that these obstacles will bo overcomo in the course of 
* 4 succeeding year. 
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Report on the Present State of ovr Knowledge of the Crustacea — 
Part II. On the Homologies of the Dermal Skeleton [continued ). lhj 
C. Spknce Bate, F . R.S . fyc 

[Fmtfs II , ITT ] 

As in the first part of tins llepoit tho carapace or dorsal surfaco of tho 
Cittbtacon was consideird, it is now intended to c:\amino tho plastron or 
ventral surfaco, and so complete our inquiry into tho foira and structure of 
the dermal skeleton, previous to a considoiation of tho internal viscera and 
development uf the mnmuls of tho various forma in tho close 

Tho head, or cephalon, is moro clearly defined in Edriophthalmous Crustacea 
than in any other order, but even hero Ihe somites posterior to tho mandi¬ 
bular nng have tho doisul surfaco wanting; but a clearly definod character 
distinctly separates them from tho somites that pcitain to the succeeding 
seven, which constitute the porcion. 

This condition is less complete m Squilta (winch M. Milne-Edwards has 
selected as being “ ol all Crustacea that in winch tho 21 segments of tho body 
aro tho most distinct ”), wheio the posterioi somites ot tho cephalon as well 
as tho anterior two of tho p< teiuii are only represented by their ventral sur¬ 
faces. 

This apparent incompleteness of structure, which is duo rather to an 
economy of material, has led carcinologists to consider generally that tho 
cephalon and pereion should bo treated anatomically os one portion of tho 
animal undor the general name of cephalothorux. 

Thus Dana, in writing on tho “ Classification of Ciustacoa,’’ in his 1 lleport 
on Crustacea of tho United-States Exploring Expedition under Capt Chas 
Wilkes, U S.N / p 1111)7, sa^s, u In those highest species, nine segments and 
nine pairs of appendages out of tho fourteen cephalothoracic belong to tho 
sonsea and mouth, and only Jive pairs aro for locomotion.” 

This ho has taken fiom the Brachjural or Moerurnl decapod, as being tho 
highest t j pcs of the order, but if wo aro to report our experiences and define 
the names and conditions of things aecoidmg os they ore represented in a 
single typo or group, ovciy student of any special form will draw his own 
conclusions from that which ho has alone closely considered, and tho study of 
CruBtacea os a class in tho animal kingdom must bo retarded, if not mis¬ 
represented. 

In studying scientifically tho Crustacea as a whole, it will bo found not 
only moro correct but moro convenient to describe and name the several 
parts of tho animal by thoir homologous certainty rafhor than by their adapta¬ 
tion to fulfil different functions winch demand a variation of form with tho 
greater or less importance of their requirements. 

The seven somites tluit form the cephalon arc most closely associated, and 
difficult to be separated from tjiobo that follow, in the Brachyural typo. This 
circumstanoo appears to be largely due to tho powerful character of the man¬ 
dibular appendages. Tho great strength of these organs requires such an 
lutemal development of parts that they appear to preclude tho posterior 
somites from tho power of growth; consequently thc> become merely sufficient 
to support appendagos of a supplementary character.- 

This is very npparont in tho Mocrural order. In Pahnurvs the mandibles 
are so broad and largo that their removal is almost a complete decapitation. 
It is therefore a structural neooeatiy that tho postenor two somites of the 
copbalon should be supported by those to which they aro most olotely 
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approximate; consequently they me ficquontlv found finod with tlio anterior 
somites of the pcreion 

Yet m this vor) genus, in a young state, we have the most complete evidence 
of the limits that define the cephalou from the peruon, and this again from 
the pleon 

In the larva of P<d as well as in the annual known as Phyllosoma^ 

which is now gcnondl) meepted as being tho young of Pahmtnts offer some 
weeks* growth, tho ccphalon is seen to coinorlo with the limits of the cara¬ 
pace and tei inmates anteriorly to tho sen on somites ot the pereion It there¬ 
fore appears that it is desirable to identify these first rc\ en somites as belong¬ 
ing to the head or ceplmlon and that only 

Tho poicion, or thorax, is also composed of seven somites or segments, and 
this number is never departed from, o\en in tho most depauperized condition 
of the animal These several somites Prof Milne-Edwards, in his “ Obser¬ 
vations sur le Squeletto tegumental ro des Crustacea decapodos, et sur )a 
Morphologic do cch nnunaux,” Ann. des Suonces Nat. p 2(>S, 1S54, Raja — 
“ In order to dot ermine easily each of tlieBO anatomical elements of the integu¬ 
mentary skeleton, it is desirable to define thorn by a name, and [ shall call 
them piotosomite, deutoionitte, m(sosortute> or Iritowmitc^ tefattovomitr, 
tovomite, hfftosomite y and hebdvsomrft, following the order winch they occupy 
from before to behind ’’ 

in tho lower types they form, as in the Amplnpoda, separate and distinct 
segments, butm the higher groups, as wo see the dorsal surface of tho somites 
of the ccphalon developed and produced posteriorly so as to cover and protect 
tho upper puit of tho pci cion, bo wc find tho somites of this latter division 
coalesce voutrally more or less perfectly until m tho Macrura and Brachyura 
they reach tho highest degree of consolidation and aro much more dense and 
strong than is the structuio of the carapaeo. 

Tins condition is gradually seen to ho approached through diflfeient stages 
from tho Ednophtlmlmia upwards Ta tho genus Squdla (which has many 
analogies with tho sessile-eyed Crustacea, and appears like un enormous 
stalk-ejod Amphipod) three or foui of the posterior somites nro exposed 
beyond the carapace and have the dorsal arc complete and sepniatcly perfect. 
In tho Blast)lidro w t o see tho same, and ultimately in the genus Par/uru$ t 
among the Anoraurous Crustacea, there is but a single somito that is not 
embraced within the limits of the carapace, and that 18 reduced to a very 
slender nng 

With tho deterioration of tho dorsal arc of each somite of tho pcreion tho ven¬ 
tral arc increases m density and coalesces tho more perfectly with its neighbours. 
This appoars much to depend upon tlio habits and character of tho animal. 
If it be ono whose habits arc per ambulatory, as m Palinwrus , tho somites 
aro strongly fused together into a strong broad sternum; whereas in such 
animals as Palcemon and Hotnarus tho sternum is less strongly developed, 
and apparently of a more feeble character. 

This depreciation of tho sternum gradually goos on as wo approximate tho 
short-tailed orders, and arises from the absorption of the first joint or coxa 
of the leg into tho general system of tho animal. 

In PahnuruB tho sternum (PI. II. fig. J), corresponding to tho posterior 
fiw somites, is very broad, and the logs aro very widely separated from those 
on the opposito side ; in Ifomams , Nephrops, and Astacus (PI. II. fig. 2) they 
approximate each other so nearly that tho sternum consists of a small cal¬ 
careous longitudinal cord, to which the apodema are attached and receive 
their support. 
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In tho Auomura, of which wo may take Lithocles (PI IT fig T) as an 
example, tho coxoo of tho legs aro bo closely compressed together laterally 
that, without coalescing or being fused together, they are apparently united, 
wink tho mfenor part of each oo\u is completely fused with its neighbour 
for ibout halt its extent 

Ibis is earned still farther m tho true Biaehyura (PI IT fig 4), where 
the first joints of tho legs aio all consolidated into a tolerably perfect 
mass of tuleareouB structuio, and resemble tho nature and character of a 
sternum 

The ventral plastron, therefore, is formed of the first j nut of tho leg and 
tho infonor arc of theso so\en somites ih wauling in the true Bmhyuni m 
tho adult stage, tho inferior surface of the ltgsfulfilling tho duty of tho storn il 
plate As 1 have aheady observed, this state can bo traced gradually from tho 
Mac rum to tho Brachyura and it may also be obscivod gradually to assume 
this condition by following tho development of the young, in which the coxal 
joints may bo distinguished nep irate and mdividu illy presont, and gradually 
coaloseiug as the animal increases in dim< nsions with age I am awaro that 
Hub osscition is not in accord nice with the teachings of previous carcinolo- 
gical anatomists, but it is one that can lx proved to demonstration 

Milnc-1 dwards, * Obsuvitions sur lo Squelotto tcgumentairo des Crus- 
taces d^capodos, ’ Ann des S N it p 1S54 says, i These rings exhibit 
all tho tergal pieces, and are clos< d abovo by a cai apace, except among a small 
numbu of Inowura, as tho Ocnotnhs, wheie tho stventh ring is comploto W o 
can distinguish always i ventril arc, constituted nonnnlly by two sternal and 
two cpistcrual pieces, and a dorsal aic lcpnsentcd upon tho sides of tho opi- 
mcrul pieces ol tho sclcrodeimic piolongations extending bitwcon the ven¬ 
tral and dorsal arcs of ( ich ling, so us to enclose between them each side of 
tho body, and to eiicumscnbe before and behind the articulur cavities destined 
for the insertion of the coiresponding membi is When tho rings aie fieo, each 
of these arcs’ extremities 1 shall c ill (nthr( huh, for the snko of being dis¬ 
tinct, but when tho zones aro soldered together it is different The anterior 
arthrodial of each thoracic nng is united to tho posterior arthrodial of the 
preceding zone, and is rnoio or less completely united with it, so that the 
lutqrarticular space situated between two such legs, instead of piesontmg 
two Bcleiodcrmio nags, lodges only a sm n lo uthrodial prolongation, which 
becomes common to the two appioxunatmg fiames, so that it appears to 
depeud moro especially upon tho InBt of the two rings so united lo simplify 
the doscnption, 1 shall consider these complex arthroduils as if they wore 
formod only by then most important parts, ami shall negh ct consequently 
their anti nor plate, but it should be observed that wo can nearly always 
rocogm/o its existence r Ihere is uLo an intermnulur symphysis which 
results from tho formation of an interior fold of the stkrodoimic lamella, a 
fold tho two plates intimately sustain between them Theso processes must 
be looked upon as if they wore produced by the simple lamella of tho postenor 
border of one of tho segments so uuitod by symphysis 

14 It is always in tho anterior poition of tho thorax of tho decapods that 
consolidation of the integumentary skoleton is e imod to the furthest limit by 
tho soldering oi fusion of tho anatomical elements ” 

Now what I contend is, that tho structure of tho somite has, as apart of 
the dermal skoleton, vcntrnlly disappeared m the Biaohyura, and its plnot 
has been taken by tho deimal tissues of tho first joint of the several legs of 
tho peroion, and the apodema is formed in tho various families of Crustacea 
out of ports that aro homologically distinct. 
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In tho Anomura, of which TAthodea may form the best example, the ooxne 
may best be dissected out; and it docs not require any vory extreme care to 
separate tho frumo of oue appendage from those by which it is compressed 
both anteriorly and posteriorly, by which compression the joint partakes of 
u quadrilateral form. The plates are in many places reduced to an extreme 
tenuity, and practically fullll tho office of a ^single wall, although in roality 
they arc produced by two lamell® closely compressed but not united. The 
mtenor or ventral wall, that forms tho sternum, is very much moro strong, 
and extends until it met ts tho coii©spending plate upon tho oppomto flido 
In Lxthodes this simple condition extends lrom the anterior to the posterior 
extremity of the pereion. 

In the Bruch}lira, ot which wo may take Came* us the t}pe, the walls of 
tbo coxal joint form the lloor ot tho pereion fiom tho anterior extremity to 
tho fourth or tetartosormte, from winch posteriorly an upright w f all in tho 
median line sopaiates the right side fiom tho left, and encloses the muscles 
of the lour posterior pcreiopoda within as many corresponding chambers, 
forming a stiong arch tliut supports the internal viscera and precludes their 
sinking into tho ventral cavity 

It, us I contend, this condition of the structure may be demonstrated 
bo}ond doubt, it follows that the episteiiiul pieces lose their homological 
signification, as defined hy Plot llilne-Kdwards, in the bumo way us tho 
epimera of the dorsal arc 

The epistcrnal plutes arc ports of the fust 01 coxal joint of tho logs pro¬ 
duced as plates, valuable as supporting the aiticnlaf ions of tho next succeed¬ 
ing joint w ith the first. It is lnteiesting to obseno that these so-culled 
episternul plntes can bo tiuccd back to large spinal processes in tbo young 
annual, and to less important processes in the pupal or third stage in the 
proocss of the development, wheie they can be distinctly seen as parts of the 
cox® of tho appendages ati ached to tho peioion ^fig. 7) 

This appears to be the anatomical condition m tho Bi achy urn, and also 
in somo of tho Anomurnl groups. 

But m the Mac.iural tjpo Iho ventral surface of the pereion is formed of 
Uie lower arc ot tho several somites winch belong to this division of the ani¬ 
mal. borne slight variations of form and appear unco exist in sepftrato genera. 
In Pahnurus the anterior part of the sternum is narrow and longitudinally 
longor than broad, while the posterior part gradually increases in width 
from the untonor to tho posterior extremity. Each somite is completely 
fused with those with which it is m contact at the centre, while deep lines 
of fissuro dofine their separation on each side, tho posterior process of which 
somites corresponds analogically with tho so-called epistornal plates in tho 
Brachyura, but homologically they are distinct, being,in this form,parts of 
the true somite, and not a portion of the coxa of the log incorporated with it 

(M.II.%1). 

In tho genus the sternal plates are all narrow, being scarcely 

broader postenoily than they aro anteriorly, while in the genus Homatus the 
sternal plates are Btill moro narrow und less important This appears to be the 
general characteristic of the ventral plates in Nephrops , Pal&mon, Crangon , 
&c., but more delicately and feebly constructed, so far as the external condi¬ 
tions ; but in tho lower forms of Crustacea, such as tho Amphipoda and tho 
iopoda, the sternal plates are broader than they are long, and consequently 
the several pairs of appendages aro widely separated from each other, cor¬ 
respondingly so throughout the entire length of tho pereion. 

The internal structure m the Podophthalmous typos is more complex than 
the same parts in the lower or sessile-eycd forms. 
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In Aitacu*, where the structure is perhaps more distinct, the margins of 
the approximating somites aro soon to bo compressed together, the antorior 
margin of one with the posterior ot the next, and to thm out and ultimately 
combine together into a thin wall or plate ot partition, separating the several 
sets of mufldos connected with appendages belonging to one somite from 
those belonging to adjoining onos Independently of being walls of separa¬ 
tion thoy are points of attachment on which some of the muscles arc securely 
fixed. Not only do they exist near the lateral margin, but continue in¬ 
wards and extend forwards until thoy reach the corresponding processes on 
tho opposite side of the pel cion, and also antenorly until they unite with a 
similar Bjstcm of osseous plates in tho adjoining somite. Each plate appears 
to form a basis on which u strong muscle may take root on cither Bide, thus 
forming a fulcrum tor muscular power and a means of separating one set of 
muscles from another. Jn Pahnimts these plates, when thoy approximate 
tho median lino, turn over and lie horizontally with tho longitudinal axis of tho 
animal. Theso plates thus displuyod torm a perforated floor on which tho 
larger and moro important internal viscera rest. This osseous system con¬ 
tinues from tho postmandibular somite persistently to tho penultimate somito 
of the pereion, whore it is united with the floor of the pereion by a central 
and lateral point of contact 

Tho anterior maigins of tho two halves of the first somito of the pereion 
moot together in tho centre and form an oblique and prominent bridge that 
supports tho posterior portion of the stomachic viscera, while the internal 
processes of tho apodema, as thoy aro termed by M. Milne-Edwards, that Hpnng 
from the posterior two somites of tho eophalon, are closely attached to, and 
at their extremities are perfectly ossified with, the lateral and central parts 
of tho apodoma of tho anterior somite of the pereion, a point of union that the 
structure of the animal requires to ho of considerable strength, as the enor¬ 
mous processes of tho internal movable mandibular plates occupy bo largo a space 
that their points of attachment necessitate a structure of greater resistance 
and strength than tho impoverished character and condition of the two 
posterior somites of tho cephalon aro capable of securing to them, without 
the additional support which they receive from a union of a moro or less 
perfect charactor with tho anterior somite of tho pereion. 

The apodema that support tho internal viscera aro perforated by a tcries 
of foramina that, while thoy correspond in form on each side of tho central 
line, yet differ in size and shape according to tho relative proportions of the 
organism that are connected with them. The dimensions of tho foramina, 
through which tho muscles move the largo and more important appendages, are 
larger and more conspicuous than thoy that relate to those that move tho 
loss officiont and smaller organs of tho body Thus wo find that, generally, 
the largest and most conspicuous foramina correspond with the third somite 
of tho peroion m Paltnurus , Asfocws, &c., whereas in those genern where the 
groat prehensile hand is prodmjed by the increased growth and proportions of 
any other pair of appendages, the foramina in the apodemal plate correspond 
with tho increase of their dimensions. 

In the Anomura, of which wo will tako Litfiodts as the tjpo,the internal 
and apodemal plates do not project bo as to roaoh the corresponding pro¬ 
cesses on tho opposite side There are only six somites fused together on tho 
ventral surface, or, I should rather say, contributing to the formation of tho 
sternal plastron; the soventh somito exists as a separate and distinct ring, 
both dorsally and vontrally froo from ossifiod union with the anterior somites 
of the pereion. 
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la this genus the sternal plate, as an anatomical part of tho animal, is 
wanting, or represented only in a theoretical character by tho median lino 
of fusion 

Tho coxu) arc existent without fusion with each other for some extent, 
visible on the ventral surface before their close contact reaches'ossification so 
perfect that then line of union is represented by marks of depression only 
on tho external surface, and corresponding crests 01 ridgos on the intern vl 
surface Dorsall) this appears to bo similarly repeated, and the lines of con¬ 
tact aro imperfect in tliur fusion until tho plates have thinned out into a 
membrane 1 att rally the walls of tho covie ot tho soveral pairs of appen¬ 
dages aro so closely compressed that tin lr lines ot union aio with difiiculty 
detorminod not to be fused togethci lb it they exist toi somo distanco as 
thin plates in close contact is coitain, but they ultimately roach a point 
whore the distinction is lost m peifcct ossification Ihe internal plates ap¬ 
proach the corresponding ones on the opposite side in tho first two somites 
only, which form a bridge that supports tho posterior extremity of tho stomachic 
region, behind this tho vcntial surface lapidly widens, but tho apodema or 
internal plates abruptly terminate, leaving a largo expansion for the internal 
viscera to occupj 

In the Brachyura the central fusion c f the sternal plates is still more perfect, 
and the ventral portion of Iho somites a] peais to be coveicd entirely this 
exists in a vortical plate that appe ns t< be formed b} being compressed 
between the coxic of the coi responding pairs ot appendages, tho oxtornal 
surface of which maj bo traced to a sinus (PI II fig Off) that opens m tho 
median line botwun tho third and fourth somites Iho segments of tho 
porcion in this order of Crustacea, as ma\ bo seen m tho genus Cancel, 
aro verj cloBily compressed, and upparentty overlap each othir dorsalty, 
while ventrall) the several appendages, fiom their proportionate dimensions, 
preclude tho possibility ot to) close a contact Iho consequence is that the 
general arrangement ot the entire muscular Bystem that moves tho appen¬ 
dages or tho portion, together with the osseous stiucturo that supports them, 
is arranged in n circular form, the superior oi extensoi muscles forming tho 
upper or dorsal arc, and the infonor or flexor muscles forming tho lower or 
ventral arc The pi ito, thoioforo, that is pioduccd internally m tho median lino 
is in continuation with the uitcnoi poition of the ventral floor of the pert- 
ion, and ifl tho homologue of the sternal plato Ibis tendency of the muscles 
to form round a common osseous centre appears to givo a similar relation of 
the several somiteB to one another Thus wo find that tho apodema narrows 
tho dorsal extremity coiresponding to each somite to such a degree that a 
deep notch or fold takes place ovor the fouith pair of appendage, at which 
point the curvutuio is greatest (fig 5) It is this circulur portion ot tho 
muscles that facilitates that peculiar arrangement b) winch the posterior 
two pairs of legs in J9/omw, Donjn, &c appear to be attached to tho dorsal 
surfaoo of the animal, which enables them to adheio to floating pieces of 
wood or weed, or securely attach themselves to univalvo shells by means ot 
these appondages 

Tho plton , oi that portion of the animal to which tho appendages aro 
attaohed which, in their most perfect condition, are adapted for swimming, 
undergoes a great vancty of foims It is perhaps most perfectly developed, 
'in accordance with tho value and usefulness of its parts, in the Macrnrous 
division of Crustacea 

In the Ednophthalmia it is perhaps moie simple in character, but it is in 
the Anisopoda, or that intermediate stage that unites tho Isopoda and tho 
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Araphipoda, that wo are enabled to determines the true homological relation 
of one part to the other 

In all Crustacea above tho Entomostracous forms tho several somites are 
distinguished by a dorsal and a ventral arc Tho dorsal is invariably a hard, 
strong, and osseous plate. The ventral aro is mostly represented b} an osseous 
band that reaches across tho animal, and is united anteriorly and posteriorly 
to tho contiguous somites by largo und flexible membranous tissues The 
dorsal arc is wide, and dips under tho adjoining one anteriorly in all except 
tho second somite m tho Macrura, winch overrides the plates of tho adjoin¬ 
ing somites both anteriorly and postenorly This arrangement does not 
exist in tho Eduophthnlima, because, there being no dorsal carapace pro¬ 
tecting tho pcreion, all tho somites have a scpaiato and distinct doisal aic. 
Tho consequonco is that each somite posteriorly overlaps the anterior margin 
of tho next succeeding ring, except the first or antenoi somite of tho pereion, 
which ovorlaps autonorly tho posterior margin of tho eephalon and posteriorly 
tho anterior maigm of the second somite of tho pereion In each of these 
ordors of Crustacea wo find that tho greatest power of flexion is given 
to the animal at theso points. 

In nil tho distinguishable sonutes oi tho Ednophthulmm, from on© extre¬ 
mity of tho animal to the other, each soparate ono b observed to support 
laterally a largo plate These, iu tho pci cion, aro firmly attached to their 
respective somites, but not ossified to thorn , in the ploon tho> are so united 
by ossific matter that ono part is not capable of being separated anatomically 
or distinguished m structure fiom the other It is theso parts in this 
particular division of Crustacea that originated tin* idea of the theory of tho 
Crustacean somite ns enunciated m by Frol Mdno-EdwanK Tho 

fact that tho supposed sidc-platos, 01 opnnora, woro merely tho flist joint of 
tho noimal legs or appendages has been satisfactorily demonstrated in tho 
Ednophthalmia, as fir as relates to the somites of the pereion , but hitherto 
tho relation of tho side-plates of the pleon to the normal condition of tho 
mobile nppenduges hud not been demonstrated until tho structure of the 
dermal anatomy of the genus had been mado out* . that “ ono inter¬ 

esting and, as fur as we know, unique feature in these Crustacea yet remains 
to be noticed. Tho segments of tho plcon have the lateral walls (long known 
as the epimora of Milnc-Edwards, called also tho pleura by many authors) 
existing as articulated appendages, dctnoii&ti tiling two impoitant features in 
tho homologies of these parts, 1st, that they aie all really portions of tho 
appendages, being tho first joint or co\eo of tho plcopod . . . and 2nd, that, 
since the peduncle consists of three joints, tho second branch in the appen¬ 
dages of the pleon, as m other parts, is shown to take place invariably at tho 
extremity of tho thud joint.” In tho Macrura and higher Htomnpods the 
coxal joint of the several appendages is united to the dorsal arc in a very 
perfect and complete state of ossification, with tho exception of tho first 
somite, where there aro no appendagos, and tho sixth, where tho coxa is free 
and articulates, with small lateral motions, with the dorsal arc of tho respec¬ 
tive somite. Tho seventh Bomite (telson) is reduced in character und altered m 
form; it universally covei 8 and holds tho terminal exit of tho alimentary 
canal, tho inferior arc of winch is represented by a membranous tissue In 
the Amphipodous order of Crustacea tho fifth and sixth somites carry their 
appendages with fVee cox®, and the terminal somite exists only m the form 
of a scale very liable to vary m shape, or separated inta two of minute 

* Hist. Brit. Se#sile-ey*d Oust, rol. u, p. 140 (Ajueudc*)< 
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dimensions. In the Isopoda the sixth Bonute only has tho cox© free* and the 
appendages attached to them boar no \ory distant analogy to the homologous 
pair as they exist in tho Mucrura Jn numerous guura of iBOpods tho 
sixth somite is developed to a \ory large si/e, and either absorbs or displaces 
the terminal somite or tolson altogether, "which in some genpra is repre¬ 
sented by a notch or canty onl), while in many others it is produced to a 
point or terminates in a smooth and even margin with tho exception of 
some of the Amsopod genera, the teleon picbabl) is absmt throughout the 
order of Isopods 

The form of the pleon in tho Ihuthjuiu heirs as closo a resemblance to 
that of tho Isopoda belonging to the tnbo Liboatica as that ot tho Maeruia 
resembles VatasiUca in tho same ordu 

Tho coxa, or side pieces, as thoy ha\e been \erj commonly supposed to be, 
are, m tho llrach)ur 1 , ior} densol) ossified withtho dorsal arc, and this to 
such an extent m tho maio animals that it is very difficult to determine their 
piosonco In tho fi male, whore the latu il development assumes a groator 
extent, tho lino of union is capablo of being dttimimed by i inuikcd depres¬ 
sion that defines tho limit of the somiUs and the altered position of the appen¬ 
dages, but that they art homologicull} present in both sexes there can be no 
reasonable cause of doubt ibis, 1 think, nmj be gemrall) dfpondod on— 
that tho more tho coxa departs fiom tho normil t)p( of the joint, as wo boo 
m the MacruTOUS Crustacea, and becomes associated with the dorsul arc of 
tho theoretical somito, the raoro tho cliai actor ot the uppendago becomes sim¬ 
plified or depreciated but, on the other hand, the more intimately it be¬ 
comes associated wnth tho %entral arc the more it bciomes developed m its 
connexion with the requirements of the ummal and any variation of form w 
dependant on tho value of its position and tho habits and necessities of tho 
creature Thus we find that all tho appendages of the cephalon and pereion 
aro associated with tho ventral arc in tho Hrachyun unci llacrura, but in 
the Ednophthahuia those of the pereion are associated with tho dorsal arc, 
whereas tho appendages of tho plcou arc, in all divisions of Crustacea, so 
lutimately associated wuth tho dorstl aic that in most eases tho coxa is in¬ 
corporated With tho somite, and generally the remainder of the appendages 
disappear or are reduced to mcicly a rudimentary condition, useful in some 
females for tho attachment of ova, whilo in tho males thov disappear moie 
or loss completely, or in tho genoral conditions of lifo becoino vnriated so as 
to fulfil special requirements or peculiar functions 

Thus the 21 Bomitcs of which tho tjpiial Crustacean consists each sup¬ 
ports in its most simple condition a single pair of appondoges, and if wo were 
to suppose o\ery segment of tho animal to bo reduced to its most simplo cha¬ 
racter, and the appendages attachod to each segment icducod to the most 
simple form of articulated limbs, uud all of them uniform in size, tho animal 
would bear a close analogy to a segmented anrnlid 

This wo must take as the archetype of a crustaccous animal, and assume 
thut tho appendages aro attached to tho spaces that exist between the dorsal 
and the ventral arcs of each somite Thus when we observe any extreme 
variation of form, we must consider the earliest and most simple oondition of 
the appendage w the archetype, and it is not at variance with our idea of 
progression to assume that any great departure from the most simple type 
r that appears to be common to the entire or a largo portion of the subking- 
’ dom of Crustacea had its origin at an earlier period m the history of its 
evolution 

The organs of vision aro common to all the Crustacea , and in those species 
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that are blind in their adult condition, the eyes aro generally well dovolopod 
in the youuger stages. 

The eyes are, independent of their value as organs of vision, of great im¬ 
pel tance m the study of the natural arrangement of the various forma of 
animals m tho subhmgdom They vary in form and character from tho 
most mcipieut ophthalmic spot to the compound eye elected on pedestals, 
but whether single or compound, solitary or ill pairs, their form anti compo¬ 
sition is generally so persistent with certain forms and characteristics of tho 
life and habits ot the amm.ils that tho few exceptions to tho general rule do 
not preclude them irom being an important and valuable means of arranging 
Crustacea 

This was first appreciated by Loach, in 1815, m his Classification of tho two 
great diviHions of tncbe animals. He arranged them under tho two great 
heads of PoDotuiniALMrA and Edtuoiuithvlmia— or thoao Crustacea that m 
their adult btago have tho e}es clouted on peduncles nr footstalks, and those 
which have them sessile or without any footstalk To this general observa¬ 
tion tho exceptions mo veiy few Among some genera that inhabit subter¬ 
ranean passages and live in tho dtuk, tho lootstulka aio so reduced m buo that 
they can only bo haul to exist theoretically, inasmuch as we find them well 
exhibited m their >oung and colly Hlage. Wc must tluruioro assume that 
they haie depreciated from their noimal condition through adverse circum¬ 
stances. On tho other hand, among the Ednophthalmia wo have the genus 
Tamts with its compound eyes elevated on their own pedestals, differing from 
tho pedunculated form onl} m being rigid und incapable of movement 

In tho rodophtlmlmm the eyes aro mqduntcd at the extremities of appen¬ 
dages that arc supported upon a separate and distinct somite 

In 1837 Prof Milno-Edwards demonstrated this to ho tho case in the genus 
Squilla , in 1854 ho states, in his “ Observations sur lo Squolette tegumon- 
tiuro dos Crustacea decapodes,” Ann, des floionces Nat. p ^54, 'whiohlhavo 
sinco confirmed (fig, 7), that in tho genus Pahnurus (tho Langousto)“ Tonneau 
ophllialmiquo cut parfmtomont distinct ,ct sc presento sous la forme dune pieco 
sclerodcrmiquo nnpaire, courte ct large, situce on avant du bord frontal do la 
carapace, et au-dcssus do Tauncau antcnnulairo. Les appendices ophthal- 
miqiios, ou tigos oculuircs, naissent dcs deux extre'mites do ce segment, et se 
composcnt chacun do deux articles uno piece quo y appollerai las&phthahmte , 
et uno aeconde, qui porte & son extremite la cornt^e transparent^, et qu’on 
pout nommer podophtJiahmte 

Milne-Edwards in the sumo manner shows how in several spocies of Pali- 
nwrwi the antoro-mediun portions of the carapace project more or less com¬ 
pletely over tho ophthalmic nng, and so (Z. c. p.255) “par consequent, 
ouvort h sea deux oxtromites Interfiles pour lc passage dcs tiges ocukiroa, et 
Tospeoe do cadre arnsi constitue autour do la baso do cos tiges forme la por¬ 
tion fondamoTitale de Torbito ou trou orlitaiie” 

Thus tho orbit m Crustacea is formed by the tlurd or eocond antennal 
somite reaching over and coming into contact more or less perfectly with tho 
first antennal somite. 'Tho greater or less in degree tho separation between 
tho second and third somite ahovo the ophthalmic somite tho moro or lest 
complete is tho orbit in winch the ojo is protected. This vanes in difiorcnt 
genera, and is very complete in the gonus Cancer (PL II. fig. 9), where tho 
ophthalmic somite is enclosed entirely by the union without fhsion of thcantero- 
dorsal projection of the posterior antennal somite with the anterior antennal 
somite; but, according to Milne-Edwards, in tho genus Pahnurue this perfec¬ 
tion of the orbit vane*. In P* wdgaru (fig. 8) tho ophthalmic somite is naked, 
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m P fioattiJiiy lb is rovicd and in P veneaucn it is enclosed , and Milne 
Ldw n Is obsu vcs tint many othci Ciustacen offer examples of thoso threo 
oigainc foi ms Toi instinct Pajums tcnfit* and Calutnassa Iilvo tho 
ophthulmi s mule t vposo l u* m Pduut usv Ig tt i* Homan s, Ciangon, Pa 
term m Galtithf i T ith nl s, A mint, 6.0 ha\t this Bonutt oivtied os in 
Ptthnu tsf ont ths ind lit mola li is tho ophthalmic sonnto mclostd 

In is /1 us tlio ophthalmic somite is leductd to a mirunium extent, and it 
is onlj pai hall) protected b} the anlcrioL proj etion of tho rostrum of the 
carapace 

Milne 1 aids that md pinluitl} ot thottumti,the ocular apptn 
dagts net nmed ot three irtich s ci joints a coxophth ilmiti, a basoph- 
thnlmitc and u pod iplith ilmito, but that ordin ml} tho coxophthalnntc is 
rudimuit Lrj oi ol s< It to 

In the genus A!j km s (hg 10 ) and other fossoml mamu forma the ocular 
appon Ugo is redu id to m extent th it illows the carapace to cover it 
entnc 1 } , but in tho hmal iorm the oigan (fig 11 ) is hcpu to be as well do 
nloptd and as piominmt is tlmt of iny uquitic species It is in this way 
wo inuj assumt thitthc sessile condition of the organ in tho J driophthnlmia 
(tig LJ) his boon ittamid, fust h} tho cmtr utiou 01 lcduction 111 extent of 
the oonlui ipptndugo, so th it tin anteuoi wall of the cunp ice shall cover it, 
and then by the moic intimate connexion of the organs with tho structure ot 
tho paits tint piohit them and ultim itely with cntiro absorption of tho 
ocul ir ippon 1 igc , tho ejc ucoivcs its supp nt tiom the walls of tho cuiapaco 
alone 

Iven lun tin 01 gnu aro themsilves fttill liable to depreciation, thus 
thoso th it ovist whole hght is absent (which inhabit deep wells, subter¬ 
ranean cues uni ivcu itions in tho depths of tho oecin) first loso tho 
dark colour ot tin it fleeting pigments which is hooii followed by a dogono- 
ntum of tho dim ictcr anduppeu ince of the lens In vlmpelisca, an Am 
plupod that lues m inudd} bottoms, ill the hnsos but two hive disappeared, 
and flu pigment h is bee mio 1 d m the well bhump ( 'uphnyus) tho only 
ti ice of an e}e exists m some }(llow 1 oking pigment while in tho Podo- 
phthulmm we find that Pol / licit* (Hcllei) a piawn fi orn tho Adriatic closely 
allied to (it n it. identical with) Ihdamut trom tho deep boa dredging of tho 
* Challenge 1 expi rhhon ind anothu fi >m the Mammoth ( avos of America, 
as well as ^ijla j)* V u t ti (Wood Mason) from loimoan, have tho eyes 
wanting as oigins of vision, while the} ictain them ns obsolete appondages 

7 ho second pair of appendages is tho fiist paircf antennoc These M 
Miluc I dw aids Ins n imed(foi tho sake of convemonco in distinguishing them 
from the second pair) tho tmUnmtles But as this term is one, m itself, 
that is suggestive ol diminutnonthS and infonont},I think that it had bettu 
he cmplo}td as little ns possible General]} speaking, this pair is smaller in 
proportion thin the second but usually it is of a more highl} organized 
atiucture, and diminishes in dimensions as it becomes important in its 
functional properties 

Iho appendage consists, in its normal condition, of three joints, homo¬ 
typical of the coxa, tho basos, and lsdnum of tho truo legs m Crustacea 
These three joints support on extremity that is very liable to vary 111 form, 
number of blanches, and gonoial appealanco , but one of them must be ro- 
^fyded as tho primary blanch, inasmuch as it is invariably furnished with a 
s^t of organs poculiar to it, und found on no other part of tho animal 
Thoso aro slender, dedicate, membianous, throad-like processes, that ore 
liable to yary somewhat m form and size, but are all but universally present 
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in aquatic Crustacea, and wluch, from their supposed connexion with tho 
sense of hearing, I hu\o elsewhere denominated mtial cilut, Tho sccondmy 
branch is loss important, and frequently divides into two or moio larni 
Somotimos these flagellifoim blanches are reduced in si/o to a minimum 
amount, and this generally corresponds with the highest character of tho 
orgftu, for it appeals to bo in invoiso latio- tho longei and more extensive 
tho character of the terminal flagella, the loss developed is tho hliucluml 
condition of the organ of sense contained within tho peduncle, and, on tho 
othei hand, the more developed the sensational organ, the feeble i and less 
numerous is the organism and less antenna-like is the geneial character 
of the (listid portions of the appendage To this very constant condition in 
tlio aquatic forms of Ciusiacca wo have a variation in the teriestiial 
species In (he genus Onism* and allied forms ot Isopoda, as well as in 
tho littoral varieties of Amplupoda, such as Tahtmi, OicJie^tid, &e , tho first 
pair of antenmr uro reduced to a minimum piopoition consistent with their 
presenco, without mi) mcieascd nnportuuce m the structural condition of tho 
peduncular pints, as far as I have been ablo to asceituin 

In tho highest t)pos of (’lustacea the coxal joint is con^idetftbl) enlarged 
(vttfe pi 1 fig H by Report for 1ST5), and mutuum within it a complicated 
chamber and highly developed organ of sense , u bile in the Hnn metis bums 
a loss complicated chamber exists, with an external opening into winch 
small grains of sand find their way in others, as fust shown bv Jhofessor 
Huxley in a species of Stomnpod, woil-doveloped forms resembling otohthes 
arc present, this Dana has obseived, and I have boon enabled to confirm in 
a species of Amhuttn fiom Australia (VI II figs !5 & 14) 

In somo genera, as HL/sn among tho [stoma pod a, they vniy m form 
according to sexual distinction The male animal 1ms the two terminal 
flagella feeble and slender, while a fasciculus ot strong hook-foimod hairs 
arc planted on tho inner and lower angle of tho most distal extremity of tho 
second pint of the peduncle, wdnlc a similar but less powerful group of spme- 
hko hairs aro planted on ti strongly projecting piocess on the mfciioi distal 
extremity of tho first joint (PL 11 fig 15) There nro other haus implanted 
on the lower margin of this joint ot a very deheuto ciliated cbarnctci Tho 
peduncle of this antenna is very powerful, and thoro can be little doubt but 
that it is useful as an organ of prehension, most probably employed m se¬ 
curing tho mate Thoso several fucts aro demonstrative evidence Unit tho 
first pair ot antonnoc arc connected with tho acoustic piopertus 

Of this I purpose tr< ating, as well as discussing the observations made by 
Dr. Heson in his rcseaiches (published in 1M14) on the auditoiy oignns of 
the Decapod Crustacea, when I report on tho internal stiucture of the animal. 

Contrary to a possiblo condition of all other appendages, tlio coxnl joint 
of tho first pair of antonnro is never absorbed into or fused with tho sternal 
portion or ventral arc of the somite to winch it belongs. 

The third pair of appendages consists of tho second pair of antenna?. 
Thcso are often very large and powerful organs, fioquontly adapted as 
weapons of offence und prohension. They consist of two divisions similar 
to tho first pair, that is, a peduncular and flagclliform part. Of tlieso tho 
podunculai consists of five joints, the flagclliform extremity of n strong, 
solitary, multiarticulato rod in its most normal condition, but it very fre¬ 
quently varies in form, but never increases in the number of its branches. 

In the Macrura generally tho flagellum is produced, on an average, to 
about the length of the animal, and is ipostly multinrticulnte m its chnractoi, 
the email arttcuh varying in number and length. Sometimes, as in ScyVams 
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(fig. 1 fi), it consists of a single diBk-like plate. But the greatest tendency to 
variation in form exists in tho Amphipod and Isopod Crustacea. In Bomo 
of these it roaohos to a very considerable length and is multi articulate, but 
in others it is roducod sometimes in length, sometimes in form. In Talitrvs 
it is reduced without alteration of clmractcr to a very email size, so it is in 
Hyperia , but while in. tho former it stands on a long and powerful podunclo, 
in the latter tho peduncle is short and feeble In Chelura the flagellum is 
broad, flat, and umarticuhite, and fringed with a dense mass of soft hairs. 
In Podocei m and a few closely allied genera the flagellum is formed of olio 
or two large artieuli or joints, and the hairs are reduced m number but 
increased in strength, and become hook-like spines In Coi opinion the 
wholo antenna bears a near resemblance to a true walking-appendage, and 
is no doubt used to assist m progression, ns is mostly tho case with Crus¬ 
tacea that inhabit tubes and hollows of then own excavation or building. 

Tho podunclo of this antenna is mvariably formed of flvo joints Thoso 
arc — 

Tho first, for which Professor Milno-Edwards has suggested, m the memoir 
quoted, tho name of covocenie 'Hus contains within it an organ of sense 
which Milno-Kdwaids believes to ho connected with that of hoarmg, 
but 1 think thcio aviII bo lit lie difficulty, when reporting on tho internal 
anatomy, m showing that it is connectod with the olfactory sense. In 
tho Amphipoda and Jsopodn, with but few exceptions, sueh as Taltttus ,, 
Orchestra, Ac , tho find joint is freo, hut so it is in many of tho Macrurous 
forms, such as Astacus , JJomarus , Ac But in Pahnuius it is strongly built 
into and fused with the vontial arc of the fourth or next approximating 
somite These parts are stdl more closely associated m tho Bmchyurous 
form, so that it is difficult to dotenuino whero tho antoiinoo end and tho 
region named by Latreillo the qnstome commonces 

The second joint, named by Milne-Edwards the basoceritc, is generally 
short and suppoits at its extremity a movable sqmumform appendage, to 
which the same carcinologist has given the name of scdplmtntt. This 
appendage is constant m all Macrurous fomiB of Crustacea. It appears to 
bo wanting in tho genus rahnvrus only , but even hero it is represented, as 
I had tho opportunity of showing, in tho lteport on “ Tho Marino Fauna of 
J)ovon and Cornwall," by a figure of it mcorpoiated in tho integumentof tho 
succeeding joint, as if it were absorbed by pressure against it. 

This appendage (scaphocente) does not exist in any of tho forms higher or 
lower than tho Marrura, except Pontiff (PI II fig IS) in tho Entomostracous 
forms, and that peculiaily interesting little Isopod Ap&eudes , in which genus 
we find a email squamiform plate resembling and probably homologous with it. 

Tho third joint the ahovo author has named the ischiaeorte , and the two 
following the mawcertte and tho catpoccrite, whilo tho multiarticulato 
flagellum, which corresponds u to the penultimate joint of tho thoracic 
member,” he calls the pi am tfe . It is rathor a curious oversight that, while 
Milno-Edwards has boon most particular in identifying the several parts of 
the second antennae bj un ospeoial name, ho has omitted to give any to thoRe 
' of the first pair of antenna, tho three joints of the peduncle of which arc 
homotypical of tho coxoccnte, the bosocente, and the isohiocerite of tho 
fecond pair of antennas, but tho flagellum, instead of being homotypioal of 
the procorite, represents tho mosocerite and tho successive articulations 

In the Macrurn generally the mints of tho peduncle are distinctly separated 
from one another; but in somo or the highor forms, such as Astacm , Homaru*; 
and Pttlinurus, thoy exhibit a tendency to crowd and coalesce with each other, 
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that is increased in the Anomura, and carried to such a degreo in iho 
Brachyura, that m some, os in MencthtPita, Leptopodux , Mam % &c., the first 
two or three articulations are not to bo distinguished from the surrounding 
structure except by the position of the olfactory opening. 

In. the Cancoruluj all tko joints of the peduncle (1*1 II. fig 17) are fused 
together and arc so closely implanted m the structure of the facial portion of 
the two first somites that they assist more or loss perfectly in forming tho 
walls of tho ocular orbit, Uio soveral variations of which aro made use of by 
Alphonse Milne- Edwards ns a means of assisting lura to distinguish the several 
genera of Uie Can cor ides from eat h other, and which, from their easily acces¬ 
sible position, might bo found a convenient aid in assisting to determine 
genera among fossil form**. 

Among tho Ampkipodn all tho several articulations are distinct from ono 
another and from tho body of tho animal, and tho olfactory organ is carried 
in a long tooth-liko process that is open at tho extremity This arrangemont 
is not so distinct in the Isopoda atul the terrestrial Amphipoda It ulso dii- 
appears in certain abnormal forms of aberrant and parasitic Isopoda 

The next succeeding, or fourth pair of appendages is among the most Con¬ 
stantin the subkingdom Within certain limits tho mandibles vaiy with every 
gonus, and ^ ould form when detached a U'\} eeit.nn means of generic diag¬ 
nosis. In the most simple condition, where thoj approximate in form to that 
of tho peduncular poll ion of the second parrot antenna', the> exist in Nchaluc 
(FI lit fig. 19). But, as stated by Milne-Edwards (“ Hquelotto tegumentaire 
dea CruRtacos decapodes,” p 250, Ann dcs So Nat 185*1), tho mandibles are 
not appendages simply applied agamsl tho mouth, but occupy of themselves 
a special cavity, flanking oi. either nido the entrance to tho ulimentary canal, 
wkioh, when tho two are brought into juxtaposition in the median lino, they 
generally close Tlio mandible m Nchaha (VI III. fig 19) is formed of a long 
osseous prbeess that projects internally, and is securorl by muscular attachments 
to the internal dorsal surface of tho carapace , a large obtuso-pointed process 
is projected inwards across the mouth, and antagonizes with a corresponding 
process on the one opiwsito. This process is very liable to vary m form in 
different genera Bejond this process, at tho root of it, springs a cylindrical 
osseous continuation, at the apex of which aro articulated two equally long 
and important joints. Those two joints aro homologically tho samo that form 
the small appendicular appendage attached to tho mandible of all Crustacea 
(PI IIL, fig 21) so persistently that their absence is a fact to be recorded in the 
structure of special genera, such os Tahtrus and Orchestra among tho Amphi¬ 
poda. In a scientific point of view, this appendage must bo part of the 
primary portion of tho theoretical limb This idea also receives confirmation 
m the form of tho mandibles of the genus PonUa of Milne-Edwards, where may 
be observed a secondary ramus attached to tho extremity of the first joint of 
the appendicular branch (FI Ill. fig. 20). 
t This appendage M. Milne r Edwards, in the nomenclature that ho has 
given, proposes to narno the protoynath , but tho first joint, or truo mandi¬ 
bular portion, ho calls tho 2 >roto-co voynathite, and tho second joint tho^roto- 
basognathitc , and the other joints in succession after the names of the 
respoctivo joints in tho ideal appondago which they homologically re¬ 
present. while wishing to give all honour to that distinguished caromo- 
logist fbr the care and exactitude in determining tho soveral parts of the 
structure of a crustacean by means of a distxnot nomenclature, it is with 
regret that I am compelled to admit that they would be more practically 
uaefhl, aud consequently more genorally adopted, if tho terms were less 
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lengthy, and with a less redundancy of oppression, I shall therefore in this 
report, rb far as possible, adopt the terms of definition proposed by Milno- 
Kdwards, hut omit generally tho appendicular term so constantly repeated 
by him. Thus the terms coxa, buses, ischium, mesos, carpus, propodos, and 
dactylos will bo sufficient foi whatcvei appendage T may becwriting about, 
without repeating the name of tlie appendage, whether gn at htte, podttc, rente, 
or other, after that of each in dm dual joint 

But it is only just that Professor Ahlnc-EdwauVs reasons for adopting 
these toi ms should be reports d m his own w ords Writing of the appendages 
of the mouth, he sajs .— 

“ Depuis les beaux: travaux; de Kaugny sur lu boneho dcs arumaux arh- 
eules, on H’accordo gi'miulcnicnt A tonsideier tons ces orgnnes eommo ftant 
dcs homologucs dcs patt os, mats on les distingue presque loujours entre cux 
sous los iiodis particuhers do mandibuloH, maehoiies proprement dites et 
machoires nuxiluuros ou pnttos-machojrcH , cob designations spccmles eont 
quclquefois utiles , mais, dans la plupurt des eas, ll cat preferable do con- 
siddrer tous ccs appendices masticateurs comrao dcs ruembres d'un soul ot 
nnTne groupo oigamquo, de loui dormer nn nom commun, ct do speunhsor 
co nom par Padjonctum (Vuno rncino adjective, on pouirnit de ]a sorte les 
appcler piotognathe, deulognatho, etc et fraie enticr le mat gnatbite, eommo 
raemo tons!ant, dans la composition dcs noma appliques n ehatun dcs ai tides, 
ou Elements sclcrodermiqucs, dont il» eont former (Vs gnathites eeraient 
difleroncies u Panic d’un certain nombre de ruemes adjocti\cs mchquant leur 
position dans le membre, et lorsquo dans lea descriptions /oologiqncs on 
aurait a en parler, on pourrait sc bomer A ajouter aux nonm composes, qui 
appartiendrnient en commun a tous les tonnes do chaquo ftono dcs pit ces 
homologues, un numero (Poidro pour mdiqucr leui position dans cetto scrio 
organiquo, c’cet-A-dire les nppcndn os auxquels ils appartiennent Ainsi je 
proposerui d’nppeler coxor/nathitc , basnjnatlute , nUsognalluie, etc. les articles 
qui, dans la sthie des appendices mnxdlaircB conespondent au coa ite, au bastte, 
etc dans les antics inembres, ct d'nppclcr pi inner coxognatlute la pn'ce do 
ret ordre qui apparticnt au protor/nathfte. deuxumo cn,\oynathite cello qui 
appartient an JeuiotjmtiJntc, etc Co sysUmo de nomenclature obt A la fois si 
bref, si commode et si Eminem men t signidcatif, quo jo demande aux carci- 
nologistes la permission den fturo usage non sculoment dans les considerations 
morphologiques dont jo m'otcupo in, mais auesi dans les travaux taxolo- 
giques quo jo me propose do publicrproehainemcnt ”— “ Squehtte tryumcntav e 
de $ Cmstach dccapodrs” Ann. $c Nat 1854, p. 2f>7. 

Tlio mandible or protognathc is sometimes vei) large, and at others reduced 
to a rudimentary condition. In Pahnttius it occupies on each side ono half 
of the breadth of tho animal, and to romoic tho turn mandibles is almost to 
decapitate tho animal. In some of tho parasitic forms it is reduced to a 
rudimentury condition In tho female of Anccus (Putntsa) it, with other 
appendages, coalesces to form a probing or lancing instrument that projects 
like a proboscis beyond the bead ; while in the malo of tho same genua the 
mandibles arc situated on tho anterior margin of the head, and stand pro¬ 
jecting hko a pair of rude irregular nntennee. But in this animal tho mouth 
is closed, or at most represented by a microscopic aperturo, as it, in this 
stage, exists without eating. 

, In most forms of Crustacea tho space that exists between the anterior 
maigm of the protognathe or mandible and tho posterior margin of the 
epistome is occupied by a fold of the membranous tissue that encloses tho 
oral cavity. This fold is frequently ossified and projected into a strong 
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labium or movable lip It 19 very conspicuous in young animals, and fre¬ 
quently in adult forms, paiticularly among the Amplnpoda It is represented 
by two small osseous disks in PaUmaus , and a single small triangular pinto 
in Canctr toiresponding with this labium posteriorly is another that 
protects the opening between the mandibles in tins direction This is also 
supported frt qucutly b) osscjus plites bat tins organ is not constantly 
developed beyond a limited extent, except m a lew instances In Pahnmm 
it consists ot 1 central osseous plate, having a sutuic through the median 
line, from this base it piojcets m two long membianous saos, supported on 
the outer or posterior surfaco by one or two osseous pi Ucs (Pi III fig 22) 
It 13 this orgm, it appi ars to mo, that lepresrnts and is homologous with tho 
lip-plate or metastoma in Fm ypto as , Pta ifgotas, &c , th it has been so fully 
described by lluxloy, AVoodward, and S dter 

lhe fifth or next succeeding p ur ol appendages is that which Frof Milne- 
1 dwards has called tho dtut ignathe It is v\h it has been known m popular 
earcin dogy as tho first pair oi foot jaws, and first maxilli or hi ignopoda in 
the * History of the British Sessile eyed ( rustacea/ tho lutter name being sug¬ 
gested by Pi of \\ cstwood <l as tho (netk 0 pavnlent for tho I atm name of 
thefivepairs of appendigcs succttding the mandibles, which were collectively 
termed pattes-mdehon es by Cuvier, Sa l^ny, 1 tAc 

The deutognatho in all known foims of Cruet icta exists m the adult stigo 
in an oinbiyomc condition , it is htu dl 111 size, feeble in power, and consists, in 
different genera and families, of a v nying numbi r of thin squumifortn plates 
1 ach ]oint of tho typic il limb, as fur as prese nt m tho adult condition (PI 111 
fig 23), offers no very exceptional distinction from the samo in tho embry¬ 
onic slugo (fig 21) 

Tho ti itognathc, or sixth pair of appendages, supports the idea of the adult 
fjim bearing a close resemblance to that of the zoca or embryonic condition 
bt ill more decidedly (PI III figs 25 & 20) 

Tho seventh jair of appendages, tho tcfai toynathe of Milne Fdwards’a 
nomenelatuie, is the first pm of warfan es auxihatrn cf Savigny, or the 
anterior mdekotres or toot jaw s of most authors 

1 hose, in tho adult Biachyma, are still moio cmbiyonic in appearance. 
In Mata and Cancet they arc very' reduced in size and apparent importance) 
(PI III fig 27), but in somo loss highly developed types, such as the Ara- 
phipoda and Isopod a, whoro tlioy arc generally recognized under tho name of 
maatlhpeds (Tl III fig 28), they assumo a 11101 e important feature, and 
boar a not very distant resemblance to the typical foim from which thoy 
are supposed to depart In JV laha they closely resemble the posteriorly 
succeeding pairs of limbs but in this genus tho whole of these giadually 
degenerate to tho embryonic condition as they iceedc from this point 

In the larval or /oca stage of Ciustacca they aro wanting in tho higher 
forms 

Those tbreo pairs of limbs appear to me to offer an interesting and valuable 
example of the manner in which any great changes m the variation of tho 
structure of an animal tokos place I ho crowding together so to speak of 
the threo posterior somites of the ccphalon, so as to bring, as much as possible, 
tho seveial pairs of appendages withm the limits of tho oral region, so crushes 
them m thoir position, that their usefulness as separate organs must be much 
impeded It would therefore appear that tho crowding of appendages 
togother interferes with and arrests tho progress of their development, while 
they are beet suited to exist under tho altered conditions where they are 
the least inconvenient That they are of Little or no importance m the 
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ooonomy of tho animal can, I think, be demonstrated in the habits of thoir 
Hfo—a oiroumstanco whioh, I think, can bo shown in tho slight variation of 
thoir structure in the adult stage from that of the larval form, to dopart in 
the anterior mombcrB towards tho mandibular form, and posteriorly to put 
on conditions most consonant with tho usefulness of tho succeeding appendage , 
that is, while tho anterior ones feebly approximate tho mandibular form, tho 
posterior hu\e attached to thorn parts resembling immature branchial organs. 

Those seven pairs of appendages are all ihat belong to tho ccphalon or head; 
and it appears to mo that, however closely any of those that snccoed may bo 
associated with them in functional purposes, thej r aro homologically distinct, 
and, as mombers of separate portions of the body, they should be namod 
and distinguished in a scientific nomenclature moie in accordance with their 
homological relationship Hum mth their functional power 

Tho next pair of appowltigos is tho first that belongs to tho pereion or 
Ihoiax m the Crustacean typo of animals. It is tho eighth pair in posterior 
rotation, but is generally named by authors according to its relation to tho 
mouth It is the pemptof/nathe of Milne-Kdwardss more recent nomenclature, 
tho second pair of in/uhoires mu thanes of Sawgm, and the second pair ot 
•nxaulhptfh or foot-jaws of most carcmologists It is the fouith tmynoyWos 
according to Professor WcsIm ood’s suggestion, and the firat pan of gnatho - 
poda of tho * History of British Sessile-eyed Onstacca/ according to tho 
nomenclature of the author of this report 

This multiplication of names for a single appendage, signifying, as they 
severally do, various affinities, is by no means battering to tho students of 
Crustacea, but, to a largo extent, it occurs from tho ciroumstanco that while 
ono anatomist has contemplated tho animal in tho adult and higher concen- 
trated forms, others havo contemplated it in tho morn imperfect t)pcs It 
is therefore tho object in this report to bring together these several and 
vanous discrepancies, and demonstrate tho relationship of parts through 
thoir various dogrecs of growth and change, and retain by ono fixed name 
tho same part- however it may vaiy in structure or functional conditions 
through all stages of variation in Crustacean life. 

In Crustacea the eighth pair ot appendages in tho structure of the ani¬ 
mal is tho first pair that belongs to the bod). In tho Brnchyura it 
exists in tho samo typo as is found in tho /oea or larva form (fig 29), 
from which it varies only in the moro robust character of eomo of tho 
joints of which it is constructed (PI III fig 30). In this state it vanos in 
form and degroo only within a limited range, gradually becoming more per¬ 
form m character as wo examine it through tho Macrura (PI lit fig. 31) in 
tho descending order until wo reach Squdla (PI III fig 32), where we find 
it developed as a largo and important organ that gives a decided and distin¬ 
guishing foaturo to tho animal. Through this genus wo aro led to the 
Enophthalraia (PI. 111. fig. 33), among which wo find that m tho Amphipoda 
it is formed on tho same tjpo as in Squllla , hut guidually approaching in its 
general characteristics and appearance thoso of the succeeding pairs of logs, 
until in tho Tsopoda it is in most families uniform with thorn. 

Thus wo see that not only in their relation to fho bodv of tho animal, but 
also in their most general appearance and affinities they are part of the 
same systom of appendages as those posterior to them, and that their relation 
to thoso anterior arises from that crowding together of parts in the higher 
typos of Crustacea that forces an abnormal form as the result. 

This pair of appendages, os bomg the first attached to tho "pereion” or 
body of tho animal, may with consistency be enlled, as it really is, the 
first pair of ptreiopodn. But throughout the higher Cruataocan forms tho 
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first two pairs of appendages are functionally utilized as attendants upon the 
mouth, and where this is not the case they are formed as organs of prehen¬ 
sion, more especially among the mule animals. This is exemplified even m 
those species, as among the terrestrial Isopods, where the outward form is 
loss Btnking, but the whole appendago is strengthened for grasping purposes 

Tho next or ninth pair of appendages is almost if not universally formed 
upon the same typo ns the piocoding There is a departure in dogioo to bo 
found, more pronounced m the Brnchyura, in consequence of the appendages 
crowding so much on ono another Thus, while those that experience most 
the pressure of those that overlap thorn are precluded from attaining their 
fully developed forms, tho external ones, or they that overlap tho preceding, 
have, in order tho moro perfectly to fulfil their duties, extended their own 
surfaces, so os moro effectually to protect tho oral cavity, as an operculum 
covering tho mouth. 

Those two pairs are vanated bo constantly from'the other appendages 
of tho porciom that I think it will bo found comoment in most cases to 
designate them by distinguishing names Tho Reporter has, in the Report 
on tho Ampbipodn in 18(1^ and elsewhere, called them gnathopoda, as foot 
or appendages connected with tho mouth, and I bog e\ory reason why this 
name should be adopted throughout the wholo eubkmgdom, us ono hotter 
adapted, both functionally and homologically, than thoso proposed either by 
Milne-Edwards’s latest nomenclature, or the still loss correct ones in popular 
use of previous authors 

In the larval form tho second gnnthopod is loss advanced than tho first, 
but in tho adult stage it is largor and more efficient. An exception to this 
exists in Nehaha, where all tho appendages of tho percion are developed 
upon an immature or embryonio typo These gradually decrease in power 
and form the more they recede posteriorly All those appendages exhibit 
tho seven joints that aro present in the formation of a single limb; and in 
thoso instances whore thero is a decroaso m that number, tho joint that is 
wanting is lost at tho extremity. This appears to bo vory general through 
all tho Brachjural and Macrural divisions 

In the higher forms both pairs of gnathopoda carry a secondary branch 
as well as another that has generally been known as tho “ flabelliform 
appanage.” For these Milno-Edwards has proposed the name of endognathe 
for tho primary or internal ramus, eaognathe for the oxtornal or second 
ramus, and epiynathe for that which is generally known as tho a flubellifonn 
appendage,” and mesoynatlu for the fourth But as tho repiescntativos or 
homotypes of these same appendages occur m different grades of Crustacean 
form, and whenever they do occur they hear the same rolution to tho limb 
from which they spring, it would be better that they should consistently 
he known by their nomotypical character, rather than vary their name with 
evory succeeding appendage. Thus tho flabelliform appendago invariably 
springs from tho coxa or first joint, and is horaotjpical of the branohial 
organs m other pairs of limbs; anothor is invariably connected with 
the bases or second joint, and tho third has its origin m the tschium or 
third joint. One or all may be suppressed; but whenever either the 
ono or the other is present it has its origin in its own peculiar joint, 
and as such should be identified in any sciontifio nomenclature. I there¬ 
fore suggest the names of covccphym^ Ixisecphysis, and ischiccphysts for the 
several parts*, as branches springing from those joints, in whatever appen¬ 
dage they may bo found. Thus the secondary branch that exists attached to 
the logs in Phyllosoma or tho young of Palinurus is on ischiccphysis; in 

* The name of the joint being compounded with the word sprout or branch. 



92 


REPORT— 1876. 


J fysis a very similar appendage is tho basecphjsis, while the branchi© are, 
m all cases when piescnt, tlio homologucs of tho coxcephjbis. 

Tho next fire succeeding pairs of appendages aie tho tiuo legs as thoy 
exist in tho typical forms of Ciustuooa, and it is from the general appearanoo 
of them that the higher foims arc known ns Docnpodn, or Teii-foot'ed Cms- 
tucca. In a scientific point ot mow the mimo is mcoircct and misleading, 
for in many of tho Alaciuia and tho Ednophthalnna they aio twelve or 
fourteen m number, while in the Anoinura tho dqaitino of the last two 
pairs of pcreiopoda fiom tho topical lorm is as great as tho two that m 
many other forms, consequently the name of Decapoda, as well as Dana’s 
name of Tehadanpoda, is both mconect and homologically untrue These 
live pairs constitute the tenth to the fouiteenth pairs of appendages; hut as 
they are limbs attached to the peieion, 1 havo el«o\\heio suggested that thoy 
should bo known as pcreiopoda Milno-Edwauls, m his nomenclature, has 
not identified them w ith any distinguishing muno , ho merely calls theantenor 
pair, winch is chehfoim m many genera, by tho name of bias (arms), and tho 
rest p a He* (feet), and it is remiukiihle Hint ho should identify each one of tho 
seven joints that is present m its constiuction by a distinguishing leim ; hut 
tho entire member he defines by an unscientific but popular phrase that is 
inconvenient, ns it is found that tho piebensile power is not confined to a 
Hinglo pair, but, as m Adams and Homan* is the propeity of other limbs, 
whilo in Homo, as m Scylhu us, it docs not exist m any Carrjing tins 
observation mlo other foims, wo find that in certain Amplnpoda tho great 
tholato or nim-hke organ cxiRts m the fifth pair of peroiopoda, as in 
rhiomma . Thuy wo blo thut the power of being developed into a grasping 
forceps or hand exists m each or all the pcreiopoda in succession , therefore 
tho term of arm, or hi at, is madmissiblo m a scientific nomenclature I there¬ 
fore propose to call these fix v pairs of appendages tho peroiopoda, in accordance 
with tho terms used m tho i History of the Bntish ftcssilc-eyod Crustacea.' 

They i availably consist of soxeti joints, these are most distinguislmblo in 
tho Macrura and tho lower forms In the lteport on tho Sossile-ojed 
Crustacea, 1S55, tho author clearly demonstrated tho several joints respec¬ 
tively in tho Amplnpoda. This required no cffoit on his part to interpret 
m the Macrura, since in Jfomanis , Asian", and J’ahnurus tho general 
points are very distinguislmblo, but as wo examine higher in tho scale of 
animals, we find that m tho Anonmra tho reave of the several pairs of legs 
are gradually becoming absorbed and becoming part of tho ventral surfaco 
of the body, and this in tho Braobyura is earned still further, inasmuch as 
it is difficult to define how much of the structure is duo to tho logs and how 
much to tho body, and it is not impiobuble that tho appendages havo en¬ 
croached upon and absorbed the generally more important structure. 

The ooxa or first joint appears to be essential to tho existence of the animal, 
inasmuch as it is tho scat of all tho more important organs connected with 
the vital existence. Tho auditory and olfactory senses are situated in tho 
cox© of tho antenn©, and all tho branchial appendages have their origin in 
the cox© of the peroiopoda, while the sexual organs, both male and female, 
are implanted in the cox© of ihe seventh and fifth pairs respectively. Tho 
noxt two joints of the limbs may, and in poxuo of tho Stomapoda do, carry 
appendages attached to them, hut none of tho joints beyond tho ischium aro 
over so furnished. 

The anterior pair is the ono most commonly developed in the higher forms 
into large chelm or hands. It is the more general in tho mole than in the 
female, and I have commonly observed that tho femalo chela generally 
corresponds moro closely with tho less-dovelopod chela in males than with 
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the greater Sometimes tho malo appendage is developed so monstrously 
that they appear inconvenient and burdensome, and arc occasionally so long 
that they are useless m an attempt to reach tho mouth Thus in I formant* 
the animal feeds itself with the small posterior pair In Oelaaaimus no 
ingenuity on the part of tho animal 'would cnablo it to roach the mouth with 
tho extremities of the large chelite organ In the process of foodmg they 
are useful only us holding loodwhile tho animal curies it to tho mouth with 
the smaller but more convenient organs Hie chela is always formed by the 
greater or loss amount of development that is given to tho inferior ang'e of tho 
distal extremity of tho antepi nultiraito joint 11ns powti of pioduction ap¬ 
pears to bo dmn ml in every limb, since we see it occasionally exhibit ui in all 
Ihus m Pahnurus it la rudinicntanly preuent iu the posterior pair of portio- 
poda, and m tho g( nus Pat/m in it is developed into a small but efficient orgm, 
by which the anirud cleanses out and lemoves obstiuctivo objocts that may 
have found their way into the branchial chambi i, and so fulfils tho same 
duties as those performed by the fl tbeJla attacliod to tho gnathopoda, and 
which are wanting in tho Inomuru 

The tact that tho coxie of all the legs attached to the percion aic in somo 
ordors absorbed into the sternal plastion, while tin \ aie not so in others, 
ofhrsaieady and site me ins by which paleontologists miy determine tho 
order to which a fossil Crustucian might belong by tho evidence of a single 
leg Thus it will be seen imariibly that seven distinct and tree joints are 
viaiblo m the Maerura, whilo only six ire froo m tho IJrochyun wlure is 
in tho \nomuia there are si\ tiio and one partially so this evidence 
might ho earned still furthci inasmuch as us and Jfoma) us tho cox c 

are seen to approximate to each other on the cpposito sides closely, while 
m rahnurus they are noai untcnorly and broadly separated posteriorly 

Iho appendages that f illow are those that aio inoditn d lor swimming 
When exhibited m the most normal condition, they consist ot a long pedun¬ 
cular stalk supporting two cblong leaf like plates, surxounded by a lnngo ot 
small hairs Sometimes they consist ol a sons of multuuticulations, as in 
Amphipoda some limes of long cy lindneal uniarticular branches, as in Lancu 
In somo instances, as in Squill i, Iheio is a third branch that springs trorn 
the side of the peduncle near tho base ilns is so membranous in charaetei 
and ramdlcd in construction that it is evidently formed tor tho purpose of 
assisting m aeiation of tho blood 

Die pleopod i are utilized, according to tho habits of the animal, for various 
purposes, and thioughout them all then adaptation to propulsion through tho 
wator is not only tho moat constant but also very gcnorally associated with 
other offices 

In the Isopoda they appear to ho tho only organs adapted for rospiratu n 
that tho animal possesses Yet their nqid motion is tho only means which 
they possess of swimming 

In tho Amphipoda, it is this latter use alono for which theso organs aio 
aduptod, while respnation is fufhlled by other means But hero only tho ante 
nor threo pairs are adapted lor swimming purposos, while tho posterior three 
arc utilized for leaping when on land, or forcibly dashing thiough the wutci. 
Tho Isopoda have only the posterior pair so vanated, and the Maci ura havo tw o 
pairs, but in this latter older they are more adapted for producing a retro¬ 
grade motion, darting backwards us they frequently do to avrid unexpected 
and sudden danger In tho Macrurous forms they are also available for tho 
purpose of retaining connexion with tho ova, and supporting tho lifo of tho 
embryo until it is matured. Throughout most of the Macrurous forms the 
ploopoda fulfil this double purpose in the female. 
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In tho Auomura they arc only udapted for swimming in the long-toiled 
fqfius , but in Prachyura they aro only utilized for the suspension of ova in 
the female, and never used for swimming except in very young animals, and 
reducod to tn o pairs onl) m tlio male, where they are interlocked m eaoli 
other and adapted as organs aiding intromission. ( 

I cannot closo this portion of tho report without expressing groai admi¬ 
ration ot the valuablo momoir of Mi hie-Ed wards, so frequently <nioted in 
theso pages. With the exception of Professor Huxley’s Hunterian Lectures, 
Bt Ueorgo Nhvart’s Momoir on tho Lobster in tho ‘ Popular Science Pevicw,’ 
and a Memoir on tho same subject by J B Kingsley, recently published 
in the‘American Naturalist’ (Aug, 1876), little has been written on this 
subject of late years 

It is remarkable that so large and important a class of animals should 
have been left so long without being Anatomically studied, and it is to bo 
hoped that the impeltunt part that they must take in tho great history of 
progressive evolution will gradually induce naturalists to gno them tho 
attention that their impoitanco deserves. 


EXPLANATION OP T1IE PLATES 
PiiWB ir 

Pig 1 Sternum from Pahnuri^ 

2 Sternum from Kephrope 
3. Sternum from Ltthodai 
4 Sternum from Cancer 

ft Sternum from Cancer, lat pul. jwpeet + Hornul notch 
f( Sternum from Cancer, longitudinal section * Vcntml pinus 
7 Spinal prooesoce attached to legs m Mequlopa 
ft 12) o# from Pahiuinu 
1) E)t*a from Cancer 

10 Eyes from Afpfuens, adult 

11 Eyes from Alpfueua, young 

12 E}©i from Am phi poua 

13 Antenna, first, from AntAi&tui 

14 Otolith from sumo 

15 Antenna, first, My tun, male 
10 Antenna, second, Scyllarm 

17 Antenna, second, Varner, 

18 Antenna, second, Pmvtta 

Plate III 

10 Mandible from Hebaha 
20 Aland i tile from Pont ui 
21, Mandible from Paltemon. 

22 Labium, posterior, from Pahnurti* 

23. Dbutognathe from Cancer , adult 
24 Doutognat he from Cancer f young. 

2ft. Tntognatho from Cancer, adaH 
20, Tntognatho from Cancer, young 
27, Tetartugnathe, or manlhped or authors, Cancer 
28 Tetarteguatlie, or junxdhped, of Am pi apod',, 

2fl ftnathopoda from Cancer , young 

30 Qnathopodu from Cancer , adult. 

31 Gnathopodn from Maorura. 

32. GnathopocU from SqmUa*. 

33. Gnathopoda from Amphipoda. 
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Second Report of the Committee for investigating the circulation of the 
Undergt out nd Waters in the New Red Sandstone and Permian Forma¬ 
tions of England } and the quantity and character of the watei 
supplied to various towns and districts ft am these formations The 
Committee consisting of lhofcssor iiutr, Mr Binnia, llev II W 
G'rosskay, Captain I) G \lton, Piofcssor A II. Grikn, Professor 
IIarkncss, Mr II Ilow 1 t l, Mr W Molyniuy, Mr G II 
Morton, Mi Plnouly, Piofc&soi Prlsiwich, Air J Plani, 
Mr Mellakd lli adl, Mi C lox Strangways, Air W Win- 
iyklr, and All C L Dl Rancl Dtavn up by Air De Rance 
{Secretary) 

Sivcr tho 1 ist Meeting tf the Association yuir Committeo have continued to 
distribute 1 irgtly tho cnculii firms of inquiry, and a laigc amount of valu¬ 
able inform ition lias been ol tame 1 csp< ci ill) ns li tho deop wills of Iiver- 
|x>ol Biikcnhead ]Soitin n l am ami Birmingham But m several districts,as 
in Staffordshire unpotant information lspionused so soon as W'Qiks now in 
progress aro complete 1 and the members ot >(ur Committee taking charge 
of those districts have considered it brBt to defer making a report until they 
present jou with a fin il ono on then particular aieas Your Committee, 
should they 1 o rt ippomted liavc every hepo from promises nheudy leccived, 
oi completing tho trust which jou have given them b) the next Meeting 
of tho Association 

In tho present Report the details ot wells in tho New Rc(?Handstono are 
collected, winch yiclcl at J nor] ool no hss than 7,197 130 gallons daily at 
Birkenhead moie than 7 millions at Coventry Birmingham, and Learning 
ton 4J millions, at Nottinghim nrailj 4 million gallons at Warrington 
572,360 gallons at btockpoit 1 073 ^20 gallons 

Tho largest vield of one individual well is that at Green Lane, Old Swan, 
near Liverpool, tho average dmlj jiold of which in 1875 amounted to 
2,533,050 gallons, and the present maximum of which amounts to no less than 
1,243 5P) gallons pumped up by throe engines, ono at least of which is 
always at w r oik, from ft depth ot 1 Ki teet 

In regard to tho Liverpool w oils it appears to be established by tho obser¬ 
vation of Mr Deacon, tho Borough Lngineor, to quote the words of his Report, 
a That tho w atcr m tho public w ells is regularly sinking to a lowei level, or 
that if it ho maintained at a constant level, tho water capablo of being pumped 
ib a continually diminishing quuntity ” But there is not yet sufficient evi¬ 
dence to prove what balance ot absoluto quantity of water still remains in tho 
sandstones of tho area capablo of being drawn on by additional wells 

Amongst tho borings of wdnch tho details will bo found in tho present 
Report, is one at Rampsidc nonr Barrow in 1 unices which reached a depth 
of no less than 2210 feet from tho surface, m a fruitless scorch for cool At 
a depth of 250 feet a spring of water was cut mthe Penman lied Sandstone, 
which jielda 13,500 gallons of wutcr daily flowing out at the top of a ono- 
mch pipo, and naing to a height of 12 feet above the surface of the ground 
The rooks beneath tho Penman have been proved by this boring to be of 
Yoredale age, tho Coal-measures being absent, as stated would probably be 
the caBo by Mr Avelmo and other geologists beforo the boring was earned 
out 

An interesting feature in this bonng is tho presence of petroloum-oil in 
the Yoredale rock near tho bottom, which oaused the water cut in penetra¬ 
ting this sandstone to bo much charged with oiL 
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Yonr Committeo would wish to call attontion to the publication, since thi 
last Mooting, of tho sixth and final Report of Her Majesty's Commissioner^ 
appointed to inquire into the bent moans ot preventing tho pollution of rivers 
The volume treats of tho Domestic Water Supply ot Great Britain, and in 
it tho Commissioners state that tho New Red Sandstone Rook coustitules one 
of the most effective filtuing modii known and being at tho same time a 
powerful destroyer of organic nutter, tho evidcnco ot pievious pollution, in 
water diawn from deep wells in this rook, may bo safely ignored, for being 
a porous and ferruginous rock it exerts a powoiful oxidizing mfiuonic upon 
the dissolved organic niattor which percolates through it lo such an extent 
is tins oxidution carriod, th it m some oases, as m those of the deep-well 
wators supplying St lieh ns and iranmere, cvi_ry trico of oiganic matter 
is convcrfod into innocuous mineral compounds 

The Commissioners further add that, though tho quartz Band constituting 
tho bulk of the New Rod bandstono is usually coincided togetlioi by carbonate 
or sulphate of lime, tho hardness of the water is generally modorato, and of 
a nature that can bo softened by lime, accoicling to Dr Clark's method, and 
that tho ‘ unpolluted watois diawu fiom di cj> wells in tho Now Red Sandstone 
are almost invariably clear, spaikhng, und palatable and are amongst the best 
and most wholesome w Ut is toi domestic) supply in Caoat Bntiun They con¬ 
tain, os a lulc, but a moderate amount of s dim impuiity, and eithir none, or 
but tho merest luces of oiganic impuiity Llieic is even reason to bclievo 
that a vast quantity of hitherto unutilized water ot most excellent quality 
is to be had at modento expenso from this vuy extensive geological for¬ 
mation 9 

This area is certaml\ not less than ten thousanl square miles m extent in 
England and W ties, with an average rami ill oi 30 inches of which certainly 
never loss than 10 meins per annum pen tdatt s mlo tho ground which would 
give an ibsoiption ot water amounting to no less than one hundred md forty - 
threo millions tlnoc hundred uul thirty six thousand tr ilions per square mile 
per annum, whuh, on an avulablc area of ten thousand wquaio miles, gives 
an annual absorption of nemly a billion and a halt of gallons in England and 
Wales 

How small a proportion tho enormous quantities pumpod at vnuous stations 
(as exemplified in this and the previous Report) bcai lo the available resources, 
will bo at once apparent Ihe abundant bal mte left will, we tiust, ero long 
be mode available loi those towns and country pop illations in the Midland 
Counties now suffering all tho ills so prolificully springing from a pollutod 
water supply 

Mtdlvm) Counts 

Name of Member of Committee asking for information. Rev Henry W 
Croaskey 

Name of Individual or Company applied to — 

Wateiworks Coventry 

1 One 100 ft deep, one 75 ft deep, and one 300 ft el fiom surface 2 250 
ft 3 10 ft, 4 ft diametir, 200 feet, from 2 ft to 0 in 4 14 feet, difference 
12 hours S 800,000 6 \e«, diminished slightly 7 \ efl, in a few hours 8 No 
9 Red Sandstone and clay 13 No 14 Not aware oi any excopt at Leaming¬ 
ton V No 

* Birmingham Corporation, 

1 Aston, juxia Birmingham 2 206 ft 3 320 ft, diameter 10 ft , 407 ft, 
18 in bore-hole 4, Ov« rnovvslO ft above surface, 100 ft , pump night and dav 
9. 3 million gallons. 6 Not observed to have altered 7, Not observod 
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Grams pur gallon 


Total solids 


12 88 

Volatile ci mbustible matter 


0 84 

Chloride of lime 


0 )1 

Nitiu acid 


000 

11 mhi ss b foio boiling 

tr d 



9 28 ft ir )n tubu thr ugh top a ll uml drift gra\ 1, thi i at all Han Isl nn with 
marl and pai tings and wnit fim t nglonurHU , hniHh t b 1 h 1 in J51t thick of 
mini 10 Yob 11 1m 12 No 13 i 14 N tie imuoi than Ciuinock 
15 iSo 

Name of Member of Gommittto asking ft r mfinnation, 1 Mellard Kcado 
N imc of Individual or f ompnny applied t j — 

I i imingti n I (nl li aid \ i Air Jiii r ht 
1 Ni rth oast puti mot Leamington 2 JOjH 3 bOit dtep, Hft charm t r 
234 ft deep, 18 in diamelei 4 S rni il 1 \ol JO It bcl >w suinuc 5 7 r >000() 
galls pi r diu 6 \\ orks n >t \ct t mp] tid 7 L p f u dor is Jl It above 
nver 1 earn 8 Analysis attach d, watci l cm ini ably pm and 6 ft , wheicaH sur 
fact wills contain \ i\ haul Aval l 

Analyst# )f tt ittr lioin the n wb ri h h b\ Dr JI n S\\ te ti 1 u hom a 
depth of 200 ft fr in suri \u Wat ruiv el ai aim >L as (1 u as distill d w iti i 
—the smallest p nit b lng i asily read at a dt plU 1 _ tt l mp r iture tit \u 11, 
50° 1 ahrenlmt, lepurLS no hltmtiuii 

Gnu si i gdl i 


Total s duly 


JO 0 

( hloruh s 


1 1 

Sulphal s—uiy sparin 0 h 
NiUute a tiaec 

I mill truce t ir n 

Icmpoiaiy hardness 

>5 


Permanent „ 

0 r > 


In ammonia 

l'O 

1 arts l er i dhon 
(XK) 

Albiinu noidal ammonia 


0J0 


This water is an i xtreim ly pure spceimeii own f i a du p \\t 11, and rt pmes no 
hltration It contains Uss than tut tuxih ot tho am unt of oi game mattel than the 
piescnt town supply and is not only as Iter water for doimstie pmn sts, but 
tho deposition ot carbonates causing incrustation m billers is considtiabl^ h ss in 
quantity 

lebiunry 2nd lH7o JToiuei Swi/rr, M 1), Analyst 

9 Map of strata pro’s lously sent, consisting of sandstone of Min us thickness divich d 
by marls lO les 11 "i os 12 ^ot within a mile, when ue is kn wn south 
of Borough, and anotlu r two miles mat 13 Nr 14 Yis m the \alk) linlf a 
mile south IS \ ts tho first expen mental boring was discontinued in const quence 
of finding, under the saliferous marls, very salt water, uno lour oi this marl being 
more than 100 ft thick 

Namo of Member of Committee asking for information, C Tyldcn Wright 
Name of Individual or Company applied to — 

Iho Malinger Nottingham \\ aterwoiks 
1 Bestwood pumping Station, neai Nottingham 3 Depth of Hhaft 04 j ards , 
size 10 ft X 10 rL , two tunnels arc dmen out from tho bottom about 50 yards 
6 Maximum quantity pumped for 24 hours 3,772 800 galls minimum quantity 
3,450,( 00 galls 9 Pebble beds of the New Bed Sandstone 
1 Worksop 3 Bore-hole 4 inches in diameter, depth dOO ft 5 Pumping in 
1875, 40 gallons per minute 
1876. 


H 
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Shiro Oaks Collier}, AA ork*up 


1 Shire Oaks Colliery, A\ oiksop 3 d shaft*, 12 It diameter 

0 alls 

pti] 

( Y e llow limoslc ne 

400 

17 jds 

5 AN ater per hour < AN hito „ 

3£0 

>r, „ 

(Dark „ 

60 

M „ 


9 Fermi an marls and magnesian limestone s, the principal feeder of water occurs 
in a soft coarse sandstone l}mg on the bottom ol the magnesian limestone 


Papplowick Colhti}, tin ugh Air AN I \\ t bb ol New*tead Abbe j 
1 Papph wick, ruai \nntslcy 3 3 1 > ^aids shaft 5 At°vds a little water, 
at 44 yds 7 m 18 galls pn minute tubbed ut, at(0 }d* 60 galls , below this 
only an increase of 5 ( r 0 galls 9 Prill 



yds 

ft 

Miigrn man hint stone 

at 0 

1 

Black shale (coal-measures) 

„ 30 

2 

h irst coal 

40 

0 

Plant impressions 

,, u r > 

0 


13 \t 120 )ds 2 ft a small salt spimg ^ galls per minute 


Mr Kobeit Sti venai n, tin ugh Mi A\ 1 N\ ebb, f N w stead Vbbty 
1 Nowstcad Colliers 3 Doit, h le at C olhtry gives (II 2 > 44 gulls of water 
per minute New Utd Sandstone, near outcrop of ill toimation 

Mr W I AAobb, Ncwstcad Abbe} 


1 Dhdwoith 

3 Depth i f will at tho Hut 

„ „ Uurnall s 

„ „ Needham s 

„ „ b lstl 1 H 

, 1 own-pump w( 11 

,, School well 

„ AN ell at ( ( larkt'S 
„ ,, AN ttttis 

„ „ ITutehmsons 

,, ,, AN llson s 

,, „ llerbtrt s 

„ Town well 

„ AVell at 1 lairs 

O Johnsons 


v 

ft 

tt 

y> 

tt 

tt 

ft 

tt 


tt 

tt 

tt 

> 

Pt 
t * 
t f 


Dixon s 

Mount Pleasant 
Grcsswcll s 
New J auo 
l ucas Cross I nno 
Blidworth Bottom 
„ f ong Dale 
Wells at I isnpool 

9 Drift-gravel and clay, led sandstone^ the water Occurs immediately after 
passing through a scam of conglomerate d inches thick At Fishpool is a spring, 
which, after 20 years eeasatu n, commenced running during the dry summer of 1868, 
and then stopped, but recommenced in the eummei ot 1874 10 Yes, which supply 
the shallowei of tho above wells 


\tN 

42 

1 

i> 

1 > 
it 
6 

50 

JO 

40 

jQ 

0 

dO 

0 

27 
20 
n 

28 
31 
dl 

8 

20 

0 25 


Jn clay, with hmc- 
btene fragments 
and gravel 


Tu Sandstone 


Name of Member of Committee asking for information, AV. Whitaker. 
Nome of Individual or Company applied to — 

Staffordshire Potteries Waterworks, Hanley 
1. North Staffordshire, 4 miloe S E from railway*station, Stoke-upon-Trent (1 in 
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O dnance sheet,72N W ) 2 015ft 3 fehaftl45ft deep,lift dnmet l, but holo 
500 ft deop, 24 in diameter 4 Ihe level of water in tins case ih kept down nearly 
to bottom of shaft t but the water has been found to till ( KX) cub ) uds i f standage 
dntt anei rise about 20 ft up shaft m 21 hours 5 XX),000 galls 6 Ihe sins< ns 
atlect this bIi aft T( little tin fudns have been p rmamnt dining the past5 v ais, 
but lam than when the shaft was put dewn (ben h le in hand it i i su tj 7 At 
8 \V att i of good quality about 0° baldness 9 Nt w lt< d S u dsti no (with bi n 1 
< f mail of consult mbit thickness) co\er about .0 ft It a sitt cn < f the shaft and 
l ne hole would be of s lvice I should be jl, lad to supily tlie sanu 10 Vb« ut 1 mile 
N 1 there me several copious spnngs and uppart iitl^ quit tm licit d l > tlie above 
sinking 11 ISo hUrluco-Hpnng near well 12 Ibu* are si vt ial faults in tin im¬ 
mediate locality A large fault running about JS r 1* , and about J mile noith of this 
shall, supposed to bo the stuthem limits of the A fetatloidsbuc tial-fiild, but 
b >rmgs ]ust completed to the siuth 1 au pit vtd c al at n depth if 2l 5 yauhi 13 
Isom 14 None to my km wl dg< 15 The above well is the i lily one in the 
neighbourhood sunk toi the purposi s of water stqqly 

Missis Muthor and Platt 

1 Mi ssrs T onsdale and Adshead, Macclc-diclel 3 12 inch bn , 04 it deep 
B 60,240 galls 


] WCVSJLIM ANI> (ill STURT 

Name of Member of Committee asking foi information, G 11 Morton 
Aumo of ludividuul or Comp my Applied to — 

Mr George 1 1) aeon, 0 1 , Municipal Ollic a Dull Street 
1 Lithcrlaud K ad, Iloctli, ntai I lvtrpo 1 2 (0 1 et 3 Depth of shaft 

10S ft , oval 12 0 x9 0 * 4, Puinj mg ci i linuuuslv tvijt w lu n «t< pped ft r 

npairs During a stc ppfigi lioin Oth fan to 1 i b 18, w tn r si 11 ft 

al ve Ord datum, ir 5b It above the 1 It m ft the will S Vvuage tfi 1877, 
J j‘)9,7t)l galls i lefii nt maximum 1431,7-0 galls 6 bio lepoits huewith 
7 See No 4 Idled ot local rams ni t tiau d 


8 Copy of Analyst a last n port 


ToUl 
sol 1 
Matt r 
in 

Solution 

Organ! o 
Carbon 

Organic 

Nitrogen 

Ami on n 

N trogon 

AH 

Ntr t s 
and 

N trntea 

T Ial 
enbn d 
Nitron n 

Cl 1 r n 

Total 

Hardntu 

Rnsi ettlol 
Mutt r 

gT 

100 

gT 

181 

gr 

j 00, 

g 1 

002 

gr 

345 

£*• , 
401 

gr 

3 0 

_ 

Clear 

and 

bnght 


® T2, dnft about 12 ft (pebble beds and “I ower soft Hunter Sandstone 
*0* No 11 The well is lined with brickwork m cement dow n to the hard rock 
12 . Yea 13 No 14 . No 

1 Green Lane, Old Swan, neat Iiurpod 2 1% ft 3 Shaft 10 ft diam , 
depth 185 ft , 1 bore bole Oiu diam foi 173 ft 0 in , and 0 in diam for 25 ft 10 in 
from bottom of shaft, 1 beire-hele 24 in diam for 12 tt , mid 18 in diam fur 208 ft 
4 There are 3 engines, and the whole rig never stopped at one time Average 
for 1876,2,533,060 galls , present maximum 8,243 611) galls 0 It has diminished 
(see reporta herewith) 7 1 fleet of local rams has never been dnectly traced 

* There aro altogether about 18 bore holes m the lodgis connected With this well 
lhey were sunk many years nga, nnd records have not been preserved of the details lb© 
principal boro hole is 8 m diameter at the Up and its depth from the surfuoe is about 

II 2 
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8. Copy of Analyst’* last report 


Total 

•olid 

Matter 

m 

Solution 

Organic 

Carbon 

Orgaino 

Nitrogi n 

Ammonia 

Nitrogen 

M 

Niti i tes 
and 

NitrutiB 

Total 

combined 

Nitrogen 

Chloruu 

Total 

Hardness 

Bubih nded 
Matter 

RT 

K r 


Rr 

R r 

gr 

Rf 

Q 

Clear 

28 

085 

oc 

003 

315 

108 

2 72 

20 

and 

blight 


© Hock F 2 {“ Hunter Pebble-bed8 ’’), cover of di lft mid clay 15 to JO ft 10 . No 
11. There are none. 12, \es 13 No 14 No 15 No 

1. Dudlow Lane, Wavuitrtio, near Liveipool 2. 200 ft 3 Depth of well 
247 ft , shaft u\til, 12' 0"x0' 0" , depth from sui face to bottom of bore-hole 130 ft , 
diameter ot bore-hole IHm 4 . Pumping continuously ext opt when stopped for 
repairs Stoppage fiom 5th to 30th Nov, 1875, water rose to i>5 It from bottom of 
well 5. Average ioi 1875,1,103,107 galls , present maximum 1,320,107 galls, 6 See 
printed reports herewith. 7. See No. 4 , etlect of local rains not directly traced 


8 Copy of Analyst’s last report 


Total 

aolid 

MulUr 

in 

Solution 

Organic 

Carbon 

1 OrgHiilo 

1 Nltl U({LI1 

Ammonia 

IS itrogi n 

HH 

N itntca 
and 

Nitiutt * 

I olal 
(.Oiubinid 
Nitiugen 

Chlorine 

Total 

Hardneiw 

Sufipi ndi d 
Matter 

gr 1 

S* 

1 MT 

K r 

gr 

R 1 

gr 

o 

(Tew 

18 j 

___1 

■01) 1 

0*31 

(JOf* 

:m 

402 

2 87 

8 

and 

bright. 


9 F 2 (** Bun ter Pebble-beds”) rock nearly to the surfaco, only thin cover of 
daft. 10 No 11 There ore none. 12. No 13. No. 14. No. 

1. Lodge Lano,Toxteth Paik, Liverpool 2 180 feet 3. Depth of shaft 210 ft , 

al, 12' 0” x 10' 0”, depth from surface to bottom of bore-hole 454 ft., diameter of 
boro-hole O'' for 180 ft, 4" for 55 ft 4 Pumping continuously, except when 
stopped for repairs In a stoppage from the 3rd to the 13th April the water rose 
to oO ft dm from bottom ot well 5 Average for 1875. 821,182 galls , present 
maximum 870,428 galls 6 See punted reports herowitn. 7. See No. 4; effect 
of local rains not traced 


8. Copy of Analyst’s last report. 


Total 

•olid 

Matter 

in 

Holution 

Organic 

Carbon 

Organic 

Nitrogen 

Ammonia 

Nitrogen 

BB 

Nitrites 

and 

Nitrates 

Total 

lomhined 

NiUogtn 

Chlorine 

Total 

Kardneu 

Suspended 

Matter 

g» 

35 

R r 

051 

J5i 

i 

8 

S>° 

gr 

270 

1 

§ 

1 

R 1 ’ 

2 72 

2°li 

Clear 

aud 

bright. 


9. F 2 (“ Hunter Pebble-beds ”) Cover of dntt about 20 ft. 10. No. 11. There 
are none. 12. No. 13 No. 14 No. 


Messrs, Mather and Platt. 


L Messrs. Roberts and Robinson, Liverpool, 
ft. 1,440,000 galls. 9. New Red Sandstone. 


18-in bore, 403 ft. deep. 
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Name of Member of Committee asking for information, T Mtllard Reide, 
Name of Individual or Company applied to — 

Ormskirk Local Board 

1 The wollis situate within a short (list ince from the town of Ormskirk, on tho 
N i side aud near to Bath \V > )d 2 12 ) 1 ft abovo Ordnance datum 3 I run 
surface to bottom of well GO ft d ep, 7 ft diameter I her is no bore hob in the 
well 4 B bre pumping the wat i rises t > th surf ice >f w 11 nft« r pumping 
tho water steals 2 ft deep at bolt mi of will Ordinary level n stored m 2 hours 
after pumping 5 2 1 2 (XX) galls 6 Tho wat< r h vi 1 vines slightly in summer 
and winter, but has not diminish* 1 during the las f 10 y ars 7 lhe ordinary h vel 
is affected bv local rains nothin 24 lioura afterwards 8 Ynalysis of the Ormskirk 
wati r by Dr Bri ft, )t Lnern >ol This wati r wbc i left to stand is perfectly colour- 
leas, di void of odour, and pleasant to the tast its compositi >n is as f dlows, the 
amount of mgrodi nts being calculated to th imperial gallon — 


( hloridn of sodium or comm m salt 


grains 
d 20 

Sulphate of limt, or gypsum 

C nrbonate of lime 


102 


104 

(_ arbmate 1 f magm sia 


0 40 

Ovido d iron with a little silica 


0 12 


1 dal 

G< 8 


9 The strata are, first marl 11 ft sand 7 ft , th< rc iniunder is New lied Sandstone 

10 1 es 11 No 12 Yes ispecially a very large fault cm the uost side ut well 
13 No 14 No 15 No 

Name of Member of ( ommitteo asking for information, Cieorgo H Morton 

Name ot Individual or Company applied to — 

St Helen s Waterworks 

1 Fceleston Hill, adj lining turnpike, aud at the sandstom -quarry, markt d 200 ft 
above Ordnance datum (see Oidnance sheets) 2 2G0 It 3 Depth 70 yarda, 
diameter 10 ft dtqth from surface to bottom ot b n -he le SM8 ft 4 As tho 
pumps never cease pumping it is difficult to say, meanwhilo the water is practically 
kept down to one level 5 040 000 galls per day of 24 hours 6 The yield 
vanes at different si asons, but to what extent it is diffu ult to say tho water baa 
diminished dunng thi past 10 years 7 Yes, but after a dry summer it takes 8 
or 10 weeks befoie the 1 or 2 extra hours out ot the 21 can be resumed by the 
extra engine 1 he water Uvcl in wells stands below adjoining streams 8 Wo 
have no analysis , the water is of very excellent quality 9 No drift The wells 
or shafts aio sunk in the New Hod Sandstone formation, through the middle or 
pebble-beds di\ ision of the Bunter, and to a depth from the surface of about 18 ft 
into tho lower division, 70 yaids in all I bus, 



Pell la 
Bcia 


\jPfU7e 

' 1 

After bonng GO ft deep, no 
water-yielding strata found — 
that is, 00 ft below bottom of 
well, and in lower formation 



ftf 


1 

4 

4 

4 _ 

.1” 


10 No drift 11 No 13 Cannot speak of those (if any) with certainty, none 
proved 13 No 14 No 15 No. 
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Namo of Member of Committee asking for information, Mr. T. Mellard 
Iteadc, 

Namo of Individual or Company applied to.— 

Messrs Mather and Tlatt. , 

1. Seedley, near Manchester 3 102'x87", 382'xl8", 354'Xl8”, Irt7'xl8". 
5. 750,000 galls. from the three liolos* 9. Red Suiddone with bands of raddlo. 

1. Chester Street, U*f<wd Street, Manchester 3 70'x4', 53G'xl5". 6 570,000 
galls, 

1. Messrs Buy ley and Cia\eu, Manclu «ter. 3. 18 in diameter, 451 ft in depth. 
6 048,000 galls 9 Now lied Sandstone 

1 Messrs Aitkon lUotheis, Munc heater, 3. 18-tn boio, dopth378ft 5.800,000 
galls 9 New Red Sandstone 

1 Mo^rs William Sumiiei, Mam luster 3 Ikne 32 in diameter, 18{) ft, in 
depth 5 40,0^0 galls 9. New lied Sandstone 

1 Messrs Inlands and Sons, Manchester 3. 12-m. bore, 812 ft in depth, 
5 00,720 ^ftlls 9 New Red Sandstone 

1 Messrs B J) Brookes, Manchester. 3 12-inch boro, 2>0 ft. in depth. 
5. 80,400 galls 9. Now Red Sandstone 

1 London and Manchester Blate Class Company, St Helen's. 3. 0-inch bore, 
depth 848 tt 5 48,000 galls 9. New lied Shinostono 

1. Ales^rs A mid J Stott, Fhvton, Manchester 3. 12-incli bore, 284 ft in 
depth 5, 317,520 galls 9 New Red Sandstone. 

1 Messrs Cliadwit k and Ta>lor, Higher Broughton, Manchester 3 75'xlO' 
071'X 15" 6 800,000 9 See Section 

1. The Convalescent Hospital, Clieadlo 3 12 in. diameter, 145 ft. in depth. 
5. 55,200 galls 9. New lied Sandstone 

1. Messrs Etmen mid Rob}, Patneroft 3. 18 in diameter, 315 ft. de**p. 
5. 100,800 galls 9, New Red Sandstone 

1. Salford Ironworks, Manchester. 3 18 in diameter, 212 ft deep. 5. 50,000 
gftllB. 9 Now Red Sandstone 

1. Messrs Thoms, Chadwick, Sulfoid 3 12-mch bore, 4J2 ft deep. 6. 50,000 
galls. 9. New Red Sandstone 

1. Messrs J J M Worrall, Salford 3 18 in diameter, depth 400 ft. 5. 480,000 
galls 9. New Red Sandstone 

1 Messrs Roberts, Dale & Co, Oornbrook, 3. 0-mch bore, 178 ft. doep, 
5. 80,000 galls 9 New Red Sandstone. 

Namo of Morabcr of Committee asking for information, George H. Morton. 

Name of Individual or Company upplied to — 

Birkenhead Commissioners, per Mr. W. T. Callow, Water Engineer. 

1 Flaybiick well, Bukeuhoad 2 170 It 3 Shaft 205 ft, 10 ft. X8 ft ; 
the bore-hole 322 ft, 18 m wide, tho bore-holo 773 ft, 18 m , Aug. 11, 1870+ 
4 150 ft from the surface 5 Usually 1£ million galls in 13 hours, 2 or 3 mil¬ 
lions have sometimes boon obtained by continuous pumping for 24 hours. 6. No. 
7. A little additional in wet seasons. 8 Result of analysis expressed in parts per 
100 , 000 .— ^ 

* The three bore-holes aro all in tho same well, and tho water rises into woll, and is 
pumped up to the surface 

t in progress and will probably be 800 ft., the deepest in the neighbourhood of 
Liverpool 
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Total solid matter in solution 15 

Oigamc carbon 074 

Orgauic mtr gen 000 

Ammonia 002 

Nitrogen cm mtutos and mtratos 345 

Total combined mtr >gui did 

Chlorine 3 7 

Hardness, total 4j° 

Suspended matter (lour and bright 


9 No drift base of Keup< r Sandstone, upper soft Hunter Sandstone, Pebbh-Ueds 

10 No dntt 11 There are nouo 12 Tin re is a fault cl >s« to tho well, with a 
thiowoful ut 70 ft 13 No 14 No 15 N) 

ClLorgo II Alurton, Hukeuht al Commissioners, per Mi W T Callow 
1 Spring I Fill, ( laugh ton, I hr! uihoad 2 12 > ft 3 Shaft 05 ft d t p (2 shafts 
7 ft d nm t r) bon h )le )> ft iiom euifacc 4 115 ft lium the surface 
5 5 million gills per wi k me obtained by pumping night and day 6 Docs nut 
vary, hius diminished 20 ft since 18 >8 7 No 8 Ittsull of analysis e\piossed 


in paitspcr 100,000 — 

Total solid matter m solid i n 21 

Oigame carbon 110 

Oiganu mtiog n Ol 2 

Yinmomn *0{ 2 

Nitrogen as nitrites and nitiab s 25 l 

lotal combined nitrogen 317 

Chlonno 31 

T ital harlnoRs 30^° 


Susp nckd mattoi dear and hn 0 ht 

9 No drift base of lveupor Snndstom , Upper Sjft Huntei Sandstone 10 N) 
duff 11 There art nouo 12 No, not vt ry nem 13 No 14 No 15 No 

Win 11 Waterworks Company Tunton, lhikenluad 
1 Trenton vnllc) \ mil s S W ofKnluiluil 2 so tt 3 00 ft, diameter 
ab>ut 12 ft, bort 20 j ft, diunetir 18 in 4 08 ft, fills lanidly pumping 
6 About 2000000 galls 6 N^ 7 No 8 Yeiypuu and good 9 timldor- 
clay abmt 10 ft, tin i st Uppt r Hunter but the bore-hole chiefly in the pebblo- 
beds 10 No 12 Only of tin ordinaiy kind 13 No 14 No 15 No 

1 Wirrell Waterworks, Oxton near lhrkenhiad 3 22 0 x 4, 300 x 15 
6 750,000 galls 0 White and ltid Sandstone, chiefly red 

Tmnmere Local He aid, per Mr W A Kichardson, C L 
1 Happy Valley, western side of tho township of Ti an mere 2 89 ft 15 in , 
3 128 ft, 0 ft. dianuhr of shaft, boro-hole 250 It, 0 0, 4 in, and 130 ft 
15 in lrom Iwttmn of well, i78anddl8ft fiom surface 4 78 ft 8 m below surface 
6 720,000 galls 6 No , it has diminished Oft (»in in 10 year* but only 2 ft 1 in 
dunng the last 8 >oars 7 No , 23 ft 2 m above sea level 8 Clear, pure, and 
tasteless, ubout 8 75 dr c r es of hardness, analysis — 

Grams per gall 


1 ree ammonia 0 0035 

Ammonia demod from organic matter 0 0018 

Organic math i, exclusive of nitrogen 0 0180 

Carbonate of lime and magnesia 5 8770 

Carbonate of soda 1 09(»0 

Sulphate of liiue 3 5720 

Nitrate of magnesia 0 0040 

Ohionde of sodium 3 84 JO 

Silicic acid, a mere tiace - 


15 0703 

9 15 ft of drift, no clay Upper soft Hunter Sandstone 10 No U Ihere 
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nit) none 12 One about 150 yards to tho oast of wolh 13. No 14. No. 
15. No 

W alloscy Local Board 

1 Townsfnp of ^oncombo, parish of \\ alias* county ot Chester, between 
tho (treat ] luat, Brti«nh<nd, and Ki\er Mtrsn 2 \bout 20 ft 3 r K3 ft , 
24(5 ft, 12 m and 8 iu diameters 4 if at n «t man} houis, about 10 ft btforty and 
afUr pumping ntx ut 50 It fi >in suifiue 5 Pu**ent macbim ry has pumped about 
f million /alls pi r du m , it is estimated that ut hast twict can be by tiddi- 
Uonalborin/, At (m hnnd) 6 Dims not\aiv ninth, diminutiou, during lime 
nnmt d, du< to nun md pumping (_annnt say otlniwis*, as inline cannot bo 
stopped Ion/ enough to tt st tin qucslnn 7 N it puciptibly lavel when at 
rest would stand a iiw to*t abou nuan high unto kvtl 8 Have not an 
analysis at hand , watt l ub mt O n of hnrdut^s (( lark s test) , water \uy goxl aud 
dear 9 Sution si lit lunwitb — 


Bid marl 

to 

ft 

78 

Bund ami marl 


*7 

Mnrl 

V 

Vi 

( lay and suids 

)} 

im; 

\\ lab me k 

)f 

J(H 

Kul lock 


Mil 

<«riy rock 

tl 

17<» 

liaid i d lock 


l 

Soft i< d mi k 


24(5 

B >tfoin ot bolt -hob 

at 

5(H) 


11 Yes 12 It is bilu vtd so 13 No 14 Not awmo of any 15 Not aware 
of any deep on< s 

Mr 1\ illiam Inman, T V 

1 Upton, 4 miles \\ of Bukoiluod 2 Ab mt 100 ft 3 171 ft, diameter 
about H ft , boie 27^ ft duiniebr, nml 0 iu wide 4 U>uut 1(K) ft above (hd- 
nanc( dntum 5 Not known 6 Not ] umin 7 Not known 8 \ i ry good 
9 All rid mail ot Keupn 10 No 12 One about ft mile ] of th* well, which 
brings the Uppo Buntti and n d mml in contact 14 No 

Name of Member of Committee asking for infoimation, T Mdlard Rendc. 

Namo of Indmduul or tompan) applied to — 

Messrs N Matlueson & Co , Widnes 

1. Our own, No 1 wdl, at Nil end of wuiks, Widnis 2. 10 ft 3 4 ft 
0 in diaim terX *10 ft <Wp bore-hole 1(M> ft from sui fact, 0 in ehametir Before, 
about 0 ft from Ruifuti aftir 5 hours, about 25 ft from suifutc 5 \boul 2000 
galls ptr day of 12 h mrs 6 Not bung usid No means of testing 7 No. 
8 No analysis taken , modiintdy good 


ft m 

9. Muish clay 7 0 

Quicksand 21 O 

lirown clay 10 0 

Quicksand 0 0 

Builder-day 00 10 

Bed lock 275 2 


10. Billie, from quicksands 11 Not entirely 12 Bonng in the fault. 13 No. 
14. No 15. None 

Mefwrs Bulln an A Co , British Alkali Works, Widnes 
1. Wo have two wells, Nos 1 and 2, at thi Re works, they are about 500 >arda 
apart, and tach about .KK) yards fiom the River Mersey 2 No 1 well is about 
t 25 ft , and No 2 well about 15 ft abo\o the mean sea-level 3 No 1 well, ior a 
depth of 27 ft from the surface is 0 it diameter, for a further depth uf 31 ft is 
5 ft diameter, equal 58 It total depth ot well from surface, the bore-hole is 300 ft. 
deep from surface X 4 m diameter No 2 w oil, for a depth of 38 ft from the sur- 
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face is 10 ft diameter, for a further depth of 22 ft is 8 ft diameter, equal to 00 ft 
total depth from surface, the bore hole is 400 ft deep from surtacoxl4in dia¬ 
meter 4 No 1 well wattr stands 10 ft from surface before pumping, and takes 
4 to 5 hours to use to the same level again after pumping No 2 well water 
stands 0 it from suiiace before pumping and takes 1 to 2 hours to nse to the 
same lex el again aftoi pumping 5 No 1 well about 70,000 galls per 12 
h >urs No 2 well about 100 000 galls p< r 12 hours 6 At No 1 well the 
yiold is less during the fliimiDtr months than the winter months, and the jield 
is much leas all the jear round than it was when the well waa hist sunk some 
7 years ago No 2 w 11 has only bton finished h >mo six months, no variation in 
the yn Id has yt t bun ptruncd 7 N>twl»n the water from the quicksand is 
kept mt of the well In N ) l well tho water level is about 16 ft, and in No 2 
wdl about lit abo\n th mt an watci level of the River Mersey, whuh is the 
ncaiost shram 8 1 he wnt is from both wells yield about 24gruins of solid matter 

per gall m when \apoiat d down chief!) salts of calcium 9 No 1 wdl 2 ft 
ot soil >0 It ol strong br jwn clay, 17 It ct quicksand, 2 ft 0 m of sand and pebbles, 
01 ft ol strong br >wn cla\ > ft f quicksand and pebbles, remainder Red Sand¬ 
stone No 2 well 2 It l scil 28 ft f str ng brown clav,2l It of quicksand, 61 
ft of soft c lay ri niftinder Kc l San 1st n< 10 No the quicksands passed through 
of c mrs* yield wat r 11 \ s the w ittr fr mquicksands is kept out but can be 
turned in at plcasuio 12 N ■> 13 No 14 N 15 W t arc n t aware of any 


The Sankey \\ Into I ead ( mpan) 

1 On tho works of tho Sankc y \\ lute I cad Company Limited, Sankey Bridge, 
near Watrington 2 About 2 > ft ^ 3 11 it 4 m lr mi surface to bottom of well, 
5 ft 6 in diameter, 100 It horn surface to bott m ot l>oro 8 in diameter 4 3 ft 
<* in from suriace In lglit to winch tho water ns s rone 21ft 4 in in 4 hours 5 40 
galls per minute 6 N > perceptible vanati n only at woik fr >m 5 to 6 years 
7 No observati >ns 8 No accuruto anal)sis 9 N ) rock waa met with Sec¬ 
tion as follows — 


Soil 

Sand and grav ol 
Clay with b udders 
San l and g ravel 
Clay as above 
Sand and gravel 

Clay with thin bands of gravel 


ft in 

1 2} Wet 

45 0 \bs lutoly dry 

2 0 Spring of 16 galls por minute 
26 0 

6 0 A little increase of water, dnftcoal 

S Borc ends in a bed of clean giftvel, 
about 1 ft thick, the last 16ft 
inert jest d supply to 40 galls per 
minute 


100 0 

11 All surfaco-ppnngs kept out 12 A\ o know of none 13 No 14 Not very 
near 16 In Wairington bores ha\e been abandoned from this cause 

Messrs Mather and Tlatt 

1 Warrington Wire Company, Warrington 3 18-inch bore, 212 ft deep 
6 63,100 galls 9 New Red Sandstone 

1 Alessrs Roberts, Dale and Co , Warrington 3 0-mch bore, 226 ft in depth 
6 28 000 galls 9 Now Red Sandstone 

1 Messrs Tas Owen and Co, Win wick, Warrmgton 3 18 in diameter, 

212ft.detp 6 401,000 galls 9 New Red Sandstone 

Wm Wood Blake, Lsq, Warrington House, Northwich, Cheshiro 

1 Alsager boring, within 300 yards of Alsager Railway Station 2 310 ft-. 
3 Tapped water at a depth of 563 ft in a 3-inch bore-holo 4 The watt r rises to 
the surface, supplying first a 4-inth bore, then a 5-inch boro at the tcvp, when a 
3-inch non tube is screwed on the 6-inch tube, the water rises to 10 or 12 ft above 
tho surface 8 Has been analyzed, and is v ery pure and soft, and suitable for brow- 
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mg purposes. 9. Passed through rod marl and grey rock, with thin bed of gypsum, 
to the red sandstone rock, when tho water was met with , continued tho boring in 
the red sandstone to a depth of nearly 1000 ft, but tho water was not increased 
thereby 10 No IX This is a rep*>it of boring operations 12 . Within 1 mile 
13. No 14, Within 2 miles. 15. No Within a mile of the above boring there 
is a large mere, called “ Alaagcr Moio,” 11 acres in extent, with neither an inlet or 
outlet on the surface, the water of which is very clear and jmro. This lake ebbs 
and flows, using somehines ei en m verydiy seasons 

Messrs Mather and Platt. 

1 . Stockport Wntoi winks, Wil ms tun. 3 12-im h boro, 170 ft deep 5 54,700 
galls 9. New lied Sandstone. 

1 . Messrs Charles Marsland, Stockport. 3 12-inch bore, 182 ft deep 5 30,500 
galls 9. Now lied Sandstone. 

1 . Messrs It S) kes and Co , Stockport. 3 18 in. diameter, 42 4ft m depth. 
6 . 800,400 galls 

1 Messrs J K & W. Christ}, Stockport 3 Diameter 12 m , depth 228 ft. 5. 

8,200 galls 9 New lied Sandstone 

1 Messrs, »S. & T (birrington, Ktot kpoii. 3 Diameter of bom 12 in , depth 100 ft 

5 50,000 8 New Red Sandstone 

1 . Messrs Robert Oimn, Stockport 3 12 inches diameter of boro, depth 102 ft. 
5 . 24,1X(0 galls 

1 . Messrs JUyley & Co, Stwfrpoit 3 l*-inch bore, 274 ft deep. 5. 80,000 
galls. 9. New Red Sandstone. 

Name of Member of Committee asking for information, C. E. Do Ranee, 
through Mr W 8. Avolinc. 

Name of Individual or Company applied to —- 

John AT wan, C E, for the Diamond Boring Company, Furness District 

1 li unpside, near Harrow- 111 -h nr ness 2 . 25 it 3 8 in hide nt surface and 
3 in at bottom, 2,210 ft deop 4 Water cut at 250ft from surface, and will rise 
about 12 it above surface m an inch pipe 5. 18,500 galls flowing out of hole 
daily 6 . Always running about tho same quantity tor the past 4 years 7 A 
beck runs within 5 ft of hole, but at 5 ft lower level than top of hole 8 Peculiar 
water was cut in tho petroleum-beanng sandstone but it only flowed from thut 
place for ft short time 9 Water was cut in tho New Rod Sandstone, dnlt 
about 100 ft thick, consisting of gravel, sand, boulder-clay and cobbles 10 No, 
but ft little water was found on tup ot roc k 11 Tubed out ot hole. 13 lirnckish 
wator impregnated with potroleuui-oil 14 None. 

Yorks m re 

Messrs Mather and Platt 

1 Messrs Bolchow Vaughan, Middlcsboro’ 3 18 in diameter, 1132 ft deop 

6 800,400 galls © New lied Sandstone. See section of upper portion, previ¬ 
ously published in last report 

Name of Mombor of Committee asking for information, C. Fox-Strangways. 

Namo of Individual or Company applied to.— 

Mosars. Steward and Sons * 

1 , Messis. Stowaul & Sons, Comb Works, Wftlmgate J3ar, York. 3. About 50 ft. 
3 . 8 yards to bottom of abaft, 40 yards to bottom of first boie-huhq 120 yards to 
bottom of second 4 AVater stands at about 22 to 23 ft. from surface. 5 . 500 
galls. per minute fiom 3 bore-holes. 

* Tho present owners of these wells do not appear to know much about them , there¬ 
fore I have filled m the form from information previously obtained, and from my own 
personal knowledge of the locality —0 F -S 
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yards 


0. Olftv and atones .. 8 

Sand 20 

Fine sandstone. 18 


40 

Tlie otlior bore-liolo went to a depth of 129 yards 10. Probably. 12 The geology 
of tho solid stiata around York is too much obscurod by drift to be suro on this 
point 13 No, 14 No 15 No. 

Rc\ It 1) Owen. 

L. In tho centre of St. JamosT Square, Borobndge 2 I bcliovo about 30 ft. 
3. 250 ft, diameter 4 in bore-hole 4. Before 1 7 ft, after 30 hours pumping a 
reduction of 2 inches in the bore-pipe 5. Number of gallons would depend ou 
the kind uf pump used Supply of water is supposed to be unlimited 0 Tlio 
pump above is not yet w full woik , wells in tins neighbouihood vaiy very litllo 
at different seasons of v< nr. 7. Surlace-water cut oflT to depth of 158 ft from top 
by iron (30 ft 0 in ) and copper (l ">8 It ) pipes 8. Vide ami! > ms already sent to } ou. 
9 Soft red sand with boiildeis m it 28 ft thick , remainder New Itod Sandstone, 
'with about 4 layers of red mail 3 to 4 m thick. 10 \es. 11. Yes, 12 No. 

13. No. 14 No. 15. No 

Mcmis lUetl, Sparnngate, Yoik 

1 My own 2 18 ft * 3 80 ft 4 (1ft from surface. 5 Constant flow 14-inoh 
pipe. 0. Not more than 2 ft at any time 7 Not at all, not any communica¬ 
tion, 8. Much peculiarity, aiml}bis enclosed 9 Clay, sand, white sand, at 70 ft , 
at which depth a piece of oak was pulled up m good preservation, 100 ft iron¬ 
stone and sand , sand continued moio or less to 1.10 ft , jjruv ol, sand, and water, 
came up pi no out of ironstone at 180 ft, 10 No, 11. \os. 12. No. 13. No. 

14. Bo not know 15 Not to my knowledge 

Dr Oil), Bootham Asylum, late of the North Hiding Asylum, York, 

1. North Ruling Whim, Clifton, York (noith side of Asylum) 2. 40 ft 
3. There is no well, bore-hole begins at surface*, depth of buro-hole 232 ft 9 in., 
diameter 12 in at surface, narrows to 0 m 4 H It iioui smface before pumping, 
after pumping 24 hours, at 70(H) galls an hour, watei lowered ft from water-ley«1. 
6. 70,000 gnlls have been pumped a day without altering tho level of 17 ft Aom 
Hurfaco 0 1 do not know 7 I do not know No surface-water can get into 
the bore-hole, as it is tubed with nn iron pipe nearly to the bottom 8 The water 
is an ordinary hard water, contains only a smell percentage of sulphate of lime, 
but quite an appreciable quautity of mm, it is very drinkable 9, 1st, 7 ft of 
sand , 1 ft of peat moss, 1*3 tt denso blue clay , 23 ft dense blue clay, containing 
bouldeis, many of which are ice-worn , 10 it red sand, 1(5 tt soft red sandstone 
(with layers of slate , 23 ft white sandstone, 25 ft red sandstone, with layors 
of red clay and soft slate, 10 ft white sandstono, 0 m red clay, 20 ft red sand¬ 
stone , 8 ft white sandstone , 1 ft red clay, 15 ft. white sandstone ; 3 ft redaand- 
Htone , 2ft white sandstone, containing Targe quantities of water, 11 it white 
Fandstoue , 42 ft. md saudstouo to well-bottom 10. Yes 11 Yes 12 Not that 
I know of 13. No 14 Not salt springs, but sonin iron springs much stronger 
than this water has been found in boring in York 15. Not that I know of, the 
bore-hole, T hear, was discontinued on account of the largo quantity of iron the 
water contained 

APPENDIX. 

Abstract of Anal}sis of Waters from tho New Red Handstono givon in tho Cth 
Report of the Royal Commission of Inquiry into the Pollution of Rivers. 
(Table, p 108) 

The numbers in the Table con be converted into grains per imperial gallon 
by multiplying them by 7, and thon moving the decimal point one place to 
the left. The same operation transforms tho hardness in tho Tables into 
degrees of hardness on Clark’s scale. 

* This mu«t probably moan 18 ft. abovo level of River Ouse. The well is about 30 ft 

ovo wa-level 
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Fourth Report of the Committee , consisting of Professor IIarkness, 
Prof Prestwick Prof IIuoiies, Kev H \V Cros^key, Prof W 
Boyd Dawkins, Dr Deane, Messrs C. .1 WoonwiKDy L. C. 
Miall, Cr H. Morton, and J. E Lee, appointed for the puipose of 
recording the position , height above the sea , hthologual characters , 
size, and on (/in of the more vnpoiiant of the Ei ratio 1'Moths of 
England and IVates, reporting othei matins of interest connected 
with the same , and taking measures for then * prescind ion, Diaicn 
up by the Kev li. W. Crosskey, Seen tary 

The Commit too hns pursued the same coui so oh dining fomirr >euis Tlio 
time for gcnoruh7ution' has not jet arnvod There aro man) ermhe blocks 
scattered over the counlij as yet unrecorded, aud then flmiader and distri¬ 
bution will largely aheet any conclusions that may ultimately bo readied. 
Tho Committee bus for its present duty the collection of facts, when its 
labours have resulted ni a complete account of the isolated boulders and 
groups of boulders of England, Wales, and Iieland, nnitciial now unavailable 
will exist for theoretical discussion, and many ntipoitant incidents m the 
history of the glacial epoch will be more accurately deloimmablo 

Tho importance of the work undoitaken by tho Committee continues to be 
emphasized bv the destruction which is constantly going on. War is waged 
upon the boulders (which m many eases are our only source of information 
respecting the epoch to winch they belong) by agriculturists, and builders, 
and road-makers with unceasing energy. They are built into walls, buried 
m tho earth, used as foundation-stones, and oiten blasted to pieces, their 
preservation is difficult to secure, on account of their interference with tho 
culture of tho land In a fow r jours it is not too much to say that tho ovi- 
denco of glacial phenomena will m many district a bo almost etlnecd 

The Committee directs attention to (t) tho distribution of eirutie boulders 
from different contres of ico action , (2) the agencies by winch they havo 
boon transported , (3) the different periods m the glacial opoch to which they 
belong, (4) the heights abovo the sea at which they aio found, indicating 
large changes in physical geology. 

The schedulo of inquiry, indicating tho various points ot the information 
required, printed in a former Keport, has been issued, und copies may alwu) s 
be had on apphcation to tho Secretary of tho Committeo. 

Devonshire. 

A Very remarkable group of boulders has been reported upon by Mr. 
Gcorgo Doe, of Great Tprrmgton 

It is found in tho estate of ltivalton, m the parish of Langtrce, Devon, 
about four miles from Great Torrington. 

Tho dimensions of tho largest boulder of the group aro 13 ft. x 0 ft. x 3 ft. 
It is eubangulor m form , but there are no groovings or stnations. It rests 
on day, dose to a small brook, and is about 500 feet aboye tho sea-lovel. 
1> ibnly legend connected with it is the old story of its having been thrown 
by tne Devil. 

At the distance of about 25 ft. N.E. is another boulder 3 ft. x 3^ ft. x 2| ft. 
At a distance of 35 yards aro six small boulders, cropping out from the 
ground. 
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At a distance of nearly half a mile aro three more, Bimilar to the last men¬ 
tioned 

Near them is a deposit ot flints in clay and a gi tv el pit 
All tin so blocks except the lust are south ot the lirge boulder 
llieso boulders consist of lelsite, resembling thit in many ot the “I Ivans ” 
A fdsitic Llvan, at Iresavaen, (rwen nap, ( ornwull, cannot be discriminated 
from them Possibly, howtvu, a nearer locality may be found 


0\F 1KD8TIIR1 

riofossoi Prcstwioh dcsciibes a hiuldtr found hist bummer ne ir Oxford 
m a bed ot sut nigul ir flint gi ivtl (high lewl rm r gravel), at Molvtrcok 
brick \ it on the hi r li road ii nn ()\t<rd ti \\ exist ode, ut un altitude ot 
about 40 ftet ibose tin level < f the run Isis 

It consisted ot a mass ot hard such iroid s mdstono of concrotionary origin, 
some portion of it biohin l\\ ly, md tlie lukin edges quite angular it 
weighed about thr< o tons It 1 ire no true oi ic< xi itches J tie re wuo no 
fossils \> identify the saiulst me butliom general ch u irtmsti s, Professor 
Prestwich thinks that it is ot tut try on^in Vvti il smaller boulders, ot 
from J to 2 or J ft cube, moio ei 1 ss Morn, were dispersed iriegularly 
through the gravel, wlueli is semeely ut all stratified, and contains no fossils 


Midland Counttfs 

Dr Deano and your Sccrotaiy huvo examined numerous bouldeis iti tho 
neighbourhood ot Jluthome, to W and S W of Birmingham, between tho 
llagley and Bristol roads 

One hundred and sixty rounded and subangulnr masses of stone have been 
examined in tins distnet 1 itty fivo of these ato clearly ti iciablo to local 
rocks—Carboniferous, Permian or irinssic tlu remainder are of distant 
origin 

Very few of these travelled bouldeis are in situ lhiy have been rolled 
or dragged off tho land into ditches and by ro idsidcs Some, when the size 
has boon convenient, have been used by tho “ n ulers of tho district lor 
hammering (or rather am il) purposes 

Ninety are of the varieties ot felstonc so abundant m the Bromsgrove 
district About half of theso aro of small eizo Iivo aro of consider iblo 
magnitude—-5 ft 6 in X 5 ft x from 2 to IB, the rest aro from 1 to 4 ft in 
length and breadth, with vanablo thickness One of these felstonc bouldors 
(near Hole I arm, Moor Street, about two miles cast of Hales Owen) is 
Worthy of special notioe Its dimensions are dft 0 in x 2 ft Gin x2ft , 
and it contains m ono specimen tho three charae tens tics named in a previous 
report as occurring separately m tho boulders of Piomsgrovo A compact, 
almost homstone-liko matrix contains distinct included fragments and por- 
phynfac felspar metals Ihis specimen, therefore, confirms tho view that 
these felstone boulders, which arc so numerous to tho west and south of Bir¬ 
mingham, as far as and beyond Bromsgrove, are portions of highly indurated 
ash-beds 

At FlavelTs Farm, California, is one boulder of grey granite 2 ft by 
1 ft 8 in. by 1 ft. Vem-quartz and quart/ite constitute nine small and 
three large boulders, and ono of theso, found near Harborne station, contains 
included brecciated fragments of rock Tho sizo of those quartzite boulders, 
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the largest of which measures 3 ft x 2 ft 0 in x 2 ft negatives tho idea 
that they have oomo from the Bunter pebblc-bcds 

The goueral character of the boulders of this distuct is smnlai to that of 
the Bromsgrovo rhstnet but in the presence of granite quarts and meta 
morphic rock resembles the district north and w< st ot Wolverhampton 

North and west and south west of Wolverhampton however grnnito is 
very much more abundant than in tho district west and Bouth west of Bu- 
mingham lho large boulders north an 1 west and south wont of Wolver¬ 
hampton are it is probable chiefly Crifftll or (more sparingly) Wigtonshirc 
granite 0 , but there isI skdalo granite m the neighborhood especially about 
Bridgnorth 

The Welsh felspathic dnft covers abundantly the west and south west of 
the Midland tableland while telepathic rooks fiom the Jako diatnct aooom 
pauy the Lshdah granite arid are often mixed with the CnfftU granite 
Tho boulders occur in two distinct positions (1) m tho older glacial bods 
(2) in the uppu clay 

I VNCVsniRt 

Large striated boulders have recently beeu exposed m the extensive exca¬ 
vations which have been made m tho boulder cla> at Booth a nullum 
suburb of Liverpool lho site exenv ited is intended hr new docks uid 
extends along the river Mersey, bung reclaimed from shoro within tho tidal 
range 

Mr G II Morton describes fir your C >ninnttoo tho position of these 
boulders, md ^nes tho following section of the drift deposits which have 
been exposed centmuously over many icrcs Ihe thickness of the various 
beds vanes considerably according to position and the middle Bands and 
gravels often thin out and leave tho upper boulder clay repoBing on the 
lower 

Section 

3 Sand and silt, old Bootlo Bhoie 
2 Upper Boulder-clay 
I Sands and giavtls 

4 Lower Boulder clay 
Upper Bunter Saudstono 

The whole of the subdivisions 1 to 4, repose in succession on the Bunter 
Sandstone at that part ot the section nc treat the old coast line 

The Jowor Boulder clay contains a much greater quantity of email stones 
than tho Upper Clay No largo boulders were observed but us the lower 
Gay is not exhibited to any considerable depth it may possibly contain some 
The Middle JSunds and Gravels consist ot sands which frequently, by the 
groat increase of rounded pebbles become gravels, resembling those at Preston 
Junction Wigan, GreBford, and Colwyn 

Tho Upper Boulder-clay contains comparatively few small smooth stones, 
but many large bouldua two or three feot m diameter Many of these 
aro striated, and are composed of greenstone, but some are bskdale granite 
These large boulders possibly occur at nn average distanco of tw only yards 
from each other A large moss of eompact gypsum, about 4 feot in dia¬ 
meter, was noticed 

e sections described are still exposed at tho present timo, August 1876 
0 See paper by Mr Mackintosh Quart Journ Geol Soc vol jxa p 368 
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ON THIS ERRATIC BLOCKS OP ENGLAND AND WALES. 


113 


CVilBLlllANIL 

Prof. Harkness reports that a boulder of Silurian conglomerate (the 
Queonsbury grit of tho Geological Survey) occurs at the village of Bothel, m 
the parish of Sorpenhow, North Cumberland In length it is about 20 feet, 
in height 0 feet, in breadth 8 feet. It is beautifully striated on tho western 
side. It is situated between the 400 and 500 foot contour-lmc, and has been 
transported from the north-west portion of Dumfriesshire, having travelled 
about forty miles from N N W. to S 8 E. 

This boulder goes by the name of a Samson ” 

Prof. Harkness further reports that sorao fragments of Shapfell (Wostdalo 
crag) granite occur in a field in the farm of Jlmdrig, near Dufton, West¬ 
moreland, at about 800 feet abovo tho sea-Io\ol. These have for the most 
part been blasted, and many fragments occur in the wall adjoining. Some 
of the blocks are untouched , but these aro so imbedded in tho soil that their 
sire cannot bo determined 

There are ulso several small blocks of this granite in gravels, vliich Prof 
Harkness regards ns Eskais, in a gra\el-hole on the farm of Luhnn, in tho 
parish of Edcnhall, about three miles east of this. Near the village of Newton 
Reigny, about two and a half miles west from Penrith, large boulders occur. 
They aie so imbedded m tho soil that their bi/o cannot be determined. They 
consist of tho Lower Silurian trap of the Lake country Boulders of the 
same kind and of a large si/e nro also seen on the east side of Newton Moss, 
■which is a short distance S W. of the village The hoight of theso Newton 
boulders is about COO feet ubovc the sen 


Noma Wales. 

Mr. D. Mackintosh contributes the following account of tho boulders in 
North Wales. An account of previous observations will be found in tho 
Quart. Journ. of Geol. Hoc., Dec. 1874. 

Between a mile and a mile and a half west of Llan-y-cil, on the north¬ 
west side of Bala Lake, the glacial stmc in several places average between 
45° and 50° north of geographical west, and tho boulders aro of precisely the 
same kind us would have como from about tho north-wost or from tho neigh¬ 
bourhood of Llyn Aremg, Both tho direction of the strnc und course of tho 
boulders would cross Bala Lake at nearly right angles to its length; so that 
if the busin of tho lake had ever been scooped out by land-ice, this ice must 
have oomo fiom the south-wost before tho period of tho greit boulder trans¬ 
portation from the Aremg mountain. 

At the south-west end, and along the south-east side of Bala Lake, many 
of the boulders are not the same os those from the Arenig mountain, which 
are chiefly found on tho north-west side, and they doorcase in number north¬ 
eastwards, suggesting the idea that they came from tho south-west. 

Through the gap immediately south of Moel Foma, numbers of boulders 
appear to have found their way into Ulyn Ceiriog, and cast as fur at least as 
Clark. Numerous large boulders have gone nearly due cast along tho valley 
of the Dee, as far at least as Cefn and ltuabon The oast ana north-east 
boundary of the Arenig dispersion may bo roughly defined as extending from 
Chirk by Cefn, ltuabon, Wrexham, Caergwrle, Mold, and tho east side 
of Halkin mountain to Holywell, and thence in a westerly diicction to the 
vale of Clwyd. This line nearly coincides with the boundary of the great 
1870. i 
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northern granitic drift. Both drifts (the Welsh and northern) have, to a slight 
extent, crossed the a\crago boundary, and a few small Aremg boulders have 
found their way across the estuary of the Dee into the peninsula of Wirral, 
where they have become mixed with the \ery abundant northern drift from 
the Lake district and the south of Scotland. ' 

The wostern boundary of the Aremg febtone drift would appear to run 
from the Aromg range in a N N.E. direction as far at least as the celebrated 
Cefn Cave, near St. Asaph, where, to a slight extent, it has become mixed 
with tho northern dnft, and liken iso with oi ratios probably from tho neigh¬ 
bourhood oi Conway Few or no boulders from the southern part of the 
Snowdon rnngo would appear to havo found their vvuy over the high table¬ 
lands situated to tho east of Llamwst nnd Bettws-) -coed, the Snowdon dis¬ 
persion having ladiatcd m all dnections to shott distances only t excepting 
towards tho south. This Arcing diHpemon is one of the most romarkablo m 
South Britain Tho fob tom* boukleia from tho Aremg range have radiated 
to great distances over an urea extending irom N.N E. to E., and to short 
distances from E. to 8 .E. —that is, over the fourth of a circle. The boulders 
have found their way across v a lie) a and over watersheds and high mountains. 
In most placoa they have wholly ignored tho configuration of tho ground, 
excepting where gaps in mountum-ianges have facilitated their transporta¬ 
tion. A detailed examination of tho feurfuce-configurution, viewed m con¬ 
nexion with the posilions occupied the bouldcis, would scorn to favour 
the idea that they could onl} havo boon earned by floating ico, but it ought 
to be observed that there is an apparent distinction between the large angular 
and subanguliir boulders ulnch aio seen chiefly on the surface, and those 
smaller and woll-glaciated boulders which are found imbedded in tho Lower 
Boulder-clay at comparatively low levels 

Among the Aremg febtono boulders, which nio so remaikablc for bizo, 
for the unexpected loutes tluy havo taken, oi for tho distances they havo 
travelled, ns to render them worthy of being preserved, the following may be 
mentioned*—(1) The Cefn boulder, ft short distance west of Cefn station, 
near Runbon, which measures 15x14 feet, and at least 10 feet in depth; 
{2) the Matndigwychyn , or great immovable stone in the village of Eryrys, 
hear Uanarmon (about 5 miles east of Ruthin), which measures 15 x 16 x 12 
feet, and is situated about 1130 feet abovo the sea; (3) a boulder in a field 
Hoar Bryn-Cloddian, north-east of Caerwys railway-station, and a few miles 
south-west of Holywell. 

The direction of glacial atruo on rock surfaces in tho eastern part of North 
Wales, ns well as m tho neighbor;ihood of tho Aremg mountain, Cotwen, *o M 
in general agrees with the course tho boulders have taken. On the summit 
of finikin mountain, in a quarry a short distance west of Holywell, there tun 
Well-defined strwe, indicating tho passage of ice from tho south-west ; and in 
the neighbourhood of Llangollen, especially near Trevor (as lately ascertained 
by Mr. Morton, F.G R ), thero are several instances of strito pointing from 
west to east. 
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Fburth Report of the Committee } consisting o/Sir John Lubbock, Bart, 
Prof. Prestwich, Prof. Busk, Prof. T. M'K. Hughes, Prof W. 
Bovd Dawkins, Prof. Miall, Rev. H. W. Cuosskey, and Mr. R. 
H. Tiddeman, appointed for the jwrpose of assisting m the Explora¬ 
tion of the Settle Caves (Victoria Cave) Drawn up by tt. II. 
Tiddeman, Reporter . 

The Committee have to report that work has been carried on at tho Victoria 
Cave throughout the year, with tho exception of tho interval from tho 24th 
Decembor, 1875, to January 13rd, 187G, and that tho Settle Local Committee 
have expended dunng tho year ending August 13th, 187-5, tho sum of 
X90 13ff. , besides tho grant of XI00 entrusted to them by tho British 

Association 

A considerable amount of work lias been done in the corn so of tho year in 
excavating tho central chambei A und that winch lies to the light of it, 
called D. These, though formal) separate chambers, arc now seen to form 
one large one. They consisted at iiiot of mere spaces between tho roof and 
tho cave deposits, whioh had not boon filled up oniuel) b\ the latter, branch¬ 
ing off from one another and merely communicating at tho bifuication. 
From the lowering of the deposits by oxcavation, they now foim only one 
large and long entrance-hall to tho remainder of tho cavern, and the old 
lino of demarcation can now only bo distinguished on tho present ceiling by 
tho following cirourastanoo. Chamber A cuts highei into tho loof than 
chamber D, and is marked off from it by a lino of joint, along which a thick 
bed of limostono has fallen down on to the floor m chamber A, but still forms 
tho roof of chamber T). This huge block, whioh extended a distance of about 
60 feet, from about Parullel 15 to 44, at the extreme end of chamber A, has 
gtven us great trouble m tho course of tho year, partly from its si/e, and also 
because, being fissured by cracks here and thero and ljing on a cla)cy layer, 
it was subject to successive slips. Considerable clounfalls threatened from 
time to time, and these had to be anticipated by quarrying it away. Tho 
large body of laminated clay which has been described m former leporta 
ended off for the most part aguinBt tins block towards tho north, and must 
have been deposited against it. This is the mass of laminated elay which 
overlay tho bone-beds oontaimng tho older mammals EUpkas antiqu,\it f 
Rhinoc&'o* hptorhmus, Hippopotamus, Ilycena , and others, with Man. 

There can bo no doubt now, to whatever agents tho formation of that inter¬ 
esting deposit bo due, that there aro somewhat similar bods also underlying 
that Pleistooeno bonc-bed in places. From about 2 foot Parallel 10 as far as 
present workings inwards at Parallel 30 an exceedingly dark, tough, waxy 
elay lies below that layer. It varies much m thickness, from 7 or 6 feet on 
the right or east side of the cavern to lesser dimensions towards the west, 
and eventually loses itself amongst largo fallen blocks of limostono on the 
left. 

A thin layer of stalagmite, varying from H inches to a mere film, occur* at 
the base of the above clay. It is often very fibrous, and in some place* it 
ha* a distinctly greenish hue. At the suggestion of tho Committee, Dr. 
Marshall Watts kindly analysed it; and his report is a* follows:— 

“ The mineral is as nearly as possible pure Calcium Carbonate. It contain* 
no Phosphoric Acid. Its specifio gravity is 2 879 , that of Calcspar varies 
from 2-70 to 2*76, and of Arragonite from 2*92 to 3*28, so that for a non- 
crystalline deposit of stalagmite the agreement is sufficiently dose. 

(Signed) W. M. Watt*.” 
i 2 
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To rein in to our section Hero and there this stalagmite rise® into small 
bossos, showing that its existence was mainly owing to the dripping of water 
from the roof. It forms a kind of dotted lino of demarcation between the 
daik clay above and the layer nevt to be described beneath. 

Tho bed beneath this stalagmite is somewhat like tho dark clay above it in 
arrangement, but is not of ho fine a tevtuio. Its colour is much lighter, a 
yellowish broun. It in somewhat sandy, presents on digging a rougher sec¬ 
tion than tho wavy lustre of the dark clay above, and is more clearly lami¬ 
nated, though tho laminations m it are wider apart. This clay appears to 
follow the upper surfaces of the fallen blocks on which it rests, and is rudely 
parallol with them. Wc find that ns these blocks nse in successive steps 
towards tho south-west, so this clay uses on them, and covers them con¬ 
tinuously at higher and higher levels. 

There is one point about this lower light-brown laminated clay which i* 
of much interest; channels appear to have been formed in it. Hollow 
troughs occur, which may perhaps be due to its subsidence through chinks 
in the rocks beneath, or they may have been formed by little streams of 
water cutting out channels subsequently to the formation of tho roam mass 
of it. However they were formed, the thin overlying stalagmite appear® to 
have made a thin coating over their walls simultaneous!) with the like forma¬ 
tion on the flatter surfaces between them. Tho overlying dark waxy cluy, 
on minute examination, is seen to dip into these cavities sometimes at a con¬ 
siderable angle. It is only possiblo to see this lamination when tho clay is 
cut with a clean knife; the spade obliterates tho bedding This arrange¬ 
ment of the lajcr* at the sides of the trough would seem to point rather to 
our first hypothecs of their formation as being tho more probable. 

It has been suggested m former reports that the laminated clay which lie® 
above tho ft) rena-bed may possibly bo tho result of a deposit from glacier 
water at tho time of tho ice-sheet, it being now distinctly proved that tho 
animals whobo bones occur some distanco beneath it existed in that district 
ut a time prior to that cold period. Tho chief evidences for this last consist 
of—(L) the eupeiposition of tho boulder-deposits at the entrance of the cave 
upon the edges of the hone-bed, and (2) tho total removal of the remains of 
these animals from tho open ground in those particular areas where direct 
ovidcnco of the former extension of an ice-sheet exists. 

Wo must not forget, however, that further south and east the same 
animals aio found m tho river-gravels under such circumstances as imply 
that a cold period occurred also previous to their ranging through the country, 
tho gravels being of later ago than certain glacial beds in tho south and east 
of England. Theso facts imply that tho animals whose bones are found in 
the lowest known bone-beds in the Victoria Cave lived in this country in 
the course of a well-marked interval between two periods of extreme cold, 
and that the earlier loft traces of its effects further south than tho later. It 
is therefore within the limits of possibility that thi® lower waxy laminated 
olay is a representative in time of some of tho earlier glacial beds of the 
south-east of England Tho subject, however, is an extremely wide one, 
and our present knowledge of tho ago and succession of tho drifts must 
receive many additions befoio such an hjpothesis can bo either proved or 
disproved. 

* Bronze Objects.- Tho llomano-Coltio layer is probably now completely 
eliminated from Chamber A. That portion of the present largo entrance- 
hall which we used to call Chamber 3) was apparent!) never occupied by 
the folk who used tho bronze articles* Chamber B, that'to the left of 
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Chamber A, may still, perhaps, contain some relics of that pcnod, but wc 
have not worked in that chamboi for somo years, our finds of articles of 
that age arc consequently rare and exceptional On the 12th of Februaiy, 
1876, whilst blasting and romowug a poition of tho huge fallen masB of lime- 
stono already refei rod to, n bronzo harp-shaped fibula was found, in good 
preservation, with traces of its iron pm. It was in Paiallel 1 ft, 5 feet left 
of the datum-lme, and at u depth of 0 feet, below a chink in the limestone 
block; and, as Mr.sJackson suggests, there is every probability of its having 
fallen down tho crack from abo\o Whether dropped there b} ono of Iho 
cave refugees, or fallen down a crack which had been enlaiged b} tho settle¬ 
ment of the blocks consequent on tho explorations, is inimatenal, It was 
certainly far below its natural level, ond tho block of limcstono beneath which 
it was found extonded up to the Roma no-Celtic floor 

Another object m bron/o was found during the 5 ear upon the old upper 
tip. It 13 in tho form of an ovate leaf, with a broad midrib and rudo rein¬ 
ing ; the apex of tho leaf is broken off A\ hero tho leaf-stalk would be is 
a quadrate expansion pierced with a mel-holo Jt is 1 "> inch long and 
1*1 inch broad, and curved in the direction ot its length. 

Animal Remains —Professor Punk has again kinclty examined the bones, 
and given their determination in a legistei Ho 1 cinuikH. - 

** Aa usual, the collection is chiefly interesting on account of tho largo pro¬ 
portion of Ursine remains, somo of which, os )ou will perceive, I am inclined 
to assign to Uisus spelams , but most belong to tho ferox type, whilst somo few 
could not be well distinguished from Ur&us urcto Some of tho bonos are 
remarkably perfect, and havo tho same polish us that alreadj recorded. Tho 
only addition to the former fauna, if I remember nghtly, is Mustela martes. 
There is also a remarkably small fox, but not Cams lay opus. 

(Signed) G. Busk.” 

Amongst the remains returned by Prof. lhiBk is a lower jaw of Weasel, 
This was found in the Ixiwer Cave-earth, beneath tho boulders; so that that 
is another addition, besides the Marten, to our list of animals from the early 
Pleistocene layer. 

In speaking of the animals found, the placo of honour necessarily fulls to 
the Hyaena —not by reason of tho number of his remains discovered, but because 
to him we are indebted for hy far tho larger nnmbor of bones of other animals 
introduced. It is, indeed, singular to not© that, notwithstanding the abun¬ 
dant evidence of his presence, from the characteristically gnawed and cracked 
bones of other animals, wo havo hardly any remains of him this year except 
teeth. There can, indoed, bo scarcely a doubt that a dead hyaena was as 
acceptable to his survivors as the carcass of any other boast. 

Of Bear we havo found a fine scries of tusks. Wo have already given 
Prof. Busk’s remarks upon thorn. A very largo humerus, which ho attri¬ 
butes to the Grisly Bear, was found in Parallel 21, at a depth of 12 feet. 
From the way in which its .proximal extremity has boen gnawed off, and 
some of its more prominent ridges removed, there can be no doubt that it 
was coexistent with Hyrcna. Somo remains of very young Bears have been 
found—so young, indeed, as to make it doubtful whether they ever had an 
independent existence. 

Of JRZunocaro* we havo a femur, found in Parallel 30, at a depth of 7 ft. 6 in. 
It has been gnawod, as such bones always are, by tho Hyaena, and to tho usual 
extent. Several exceedingly fine teeth of Rhinoceros havo been found since 
the bones were submitted to Prof, Busk, and their determination must bo for 
the present postynmed, A lower premolar 4 of Rhinoceros, which was the 
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first of that animal found in the cave, together with the homau fibula, and 
hitherto supposed to be i?. ttchormua, is now considered by Prof* Busk to be 
M. leptorhmus . 

Of Deer found tins year wo have several. One is a base of an antler with 
brow-tino ( Clivus tutandus), but tho aperies is marked as doubtful; another 
tmo is doubtfuJly leierrcd to claphus; another is a fragment of a very 
largo anti or, and no species is assigned to it; also there is a patella ot a very 
large deer, which was near the surface. * 

Of Goat several remains Inivo beoji found; and it would almost seem pos¬ 
sible, from the depth to which some of thorn occur, that this animal may have 
existed m Britain at an eailior ago than has usually been assigned to it; but 
wo cannot put ioiwaid this idea confidently without further confirmation. 
One humerus of an exceedingly small Goat has cuts upon it which nro evi¬ 
dently human urn km an ship, but there are cucumstances which render it 
desirable to respite any tuither remarks upon it to a future occasion. 

In our lust year's icpoifc wo called attention to the existence m tho Victoria 
Cave of a u fauna which v e muy confidently assign to a cold climate, separated 
in some parts, by an accumulation of doposits 12 feet or more in thioknoss, 
from an earlier one, which is equally characteristic of high temperatures, 
whereas m another pait of the caie not fur off, where tho material to separate 
them is wanting, wo have animals from icy and tropical countries inter¬ 
mingled m a contuBion which would bo puzzling did wo not get tho clue hard 
by.” We ronuuked that it was evident that the separation was natural and 
regular, tho mixture abnormal and accidental. “As distinguished fiom tho 
lo\> ei bed, the duet cliurai tomtios of tho upper were the presence of the Item- 
deer, and the absence of Elephant, Rhinoceros, Hippopotamus, and Hyaena." 
These rcmaiks woio made solely on tho evidenoo which passed through your 
piesent reporter’s hands since ho undertook to conduct the explication of tho 
cavern. Prof. AV. Boyd Dawkins has kindly written to remind us that Bern- 
deer was found in the lower cox e-earth, below tho laminated clay, when he 
had charge of the explomtions, and ho has no doubt that it was dragged m 
by Iljnena* Tho llyama-bod at that spot, vu tho mouth of the cavern, Was 
at a depth of J (> feet below the lammatod clay, and your reporter had an 
impression that tho Reindeer-remains occurred at some height abovo tho 
Hyaena-bed. Bo that as it may, Prof, Dawkniu’s opinion is entitled to groat 
weight, and is, indeed, tho view generally held. At the samo time, consider¬ 
ing that Ilyaum and Reindeer aro not uncommonly found together in oaves, 
when, as in this case, we see thorn mixed together at one or both ends of a 
section but sopaiatcd through an interval of 7o feet m length by a thioknew 
of deposits, wo may regard the fact as at least an interesting one, and, when 
found, noteworthy. 

Tho excavations still throw light upon how the Dave was formed. As far 
as we have yet worked nt tho present lovol, the right wall of the cave is seen 
to havo been hollowed out by streams. Several grooves occur, indicating 
water-levels, but, except quite at tho entrance, we have not got down to the 
ancient floor. AVe are already working in deposits which are probably of 
greater age than the oldor Thames gravels. Tho river is now naming 
POO feet below us AVhat earlier records we may disentomb wo cannot teilj 
wo must work on aud wait. 
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Report on Observations of Luminous Meteors during the year 1875-76, 
by a Committee, consisting of James Glaishlii, F. R S , K. P Guri., 
F.G.S , F1LA S , C Brooke, F R.S , Prof. G. Fokhes, Fli S E 
Walter Flhiiit, D Sc., FGS., and Prof, A, S. Heuschul, 
M.A., FR.A.S. 

[Plvte IV ] 

Tub principal subjects of discussion m iho present Report are, as they havo 
been in formci years, the descriptions of meteors and meteor-showers of 
whioh the Committeo has leceived information during the mteival of a year 
which bus elapsed since the presentation of the last ltcpoit, 

Of such materials a largo supply has as usual boen contilbutcd to, or has 
boon sought for by, tho Committeo. Most of the nppearunces described aie 
fireballs of an occasional character, some of which havo given riso to a good 
deal of remark and scientific discussion in tho public journals of tho day, 
both from tho ovoptional ehaiactei of brightness and from tho quick le- 
petitions of then occurrence 

Largo fireballs were seen on the 3rd, 7th, and 14th of September last, 
which were observed over such a considerable extent of country as to allow 
of their real heights and paths to bo calculated with a somewhat unusual 
degree of trccin.uy. The paths of these m< t< ou worn calculated by Captain 
G. L. Tupman, ot the Royal Obnmaloij, (Jru'invuh , and ^ry satisfactory 
conclusions were mined ut as to tlio piobable mclcoi-showers oi systems to 
which these largo fnebulls, two of which A\ero detonating, appear pretty 
certainly to ha\o belonged 

Other instances havo occurred whole bnght fuel),ills have been seen ufc 
several points in England au/fhn ntlyfai apart, and liau* been observed with 
sufficient uceurae\ to lead to definite although not geneiully moio than \ory 
lough detcrinnmtions of their actual heights, velocities, and directions, One 
of tho largest of theso bolides was seen m blight sunshine on the 22nd of 
December, 1875 , another of groat brilliancy was noticed on tho evening of 
July 25th, 1870 . of theso meteors, as only a few well-recorded descriptions 
woro obtained, tho probable real paths uio only generally indicated, or have 
only hitherto boon provisionally computed. Motcors of this conspicuous cha. 
racter appeared also on tho Kith of August, 1875, and on tho 15th of A pul, 
11th, 13th, 15th, and 21st of Augustin tho present year, Borne heights of shoot¬ 
ing-stars observed in tho August shower in 1874, and described in the Cata¬ 
logue of last year’s Bepoit, aio deduced from the observations, and aie hero 
presented as completely as the accuracy of the observations would permit. 

The occurrences of meteor-showers during the past year have been very 
slight and lll-doflned, with tho exception of the August-shower displays of 
1875 and of the present your. Tlio picscnt yoaFa recurrence of tho August 
showor was, however, lees plentiful than has been visible for several years 
past, and has amounted to a real minimum of intensity of its annual appa¬ 
ritions. 

A new goneral catalogue of moteor radiant-points, with an accompanying 
key -map, compiled during the past year by Mr. Greg, appears in the Report, 
and a valuable contribution of reviews of tho past year’s records and exami¬ 
nations of aerolites (of which tho many lemarkublo occurronoos continue to 
increase in scientific importance year by year), by Dr. Flight, concludes its 
pages. One of tho most interesting of such events, it will bo recollected, took 
place this year in England, when a mass of iron weighing 7f lbs. foil at 
Bowton, near tho Wrekin; and this, it may be observed, is only tho seventh 
instance where a moss of metallic iron of meteoric origin, or an aerosidorite, 
baa actually been seen to fall. This event took place m Shropslm o, at 20 
minutes to 4 o’clock f.h., on April 20, 1876, 
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REPORT— 1876 . 


OBSERVATION! 
IN 1875-70, AND IN 


Date. 


Hour 
,G. M T. (or 
local time) 


Place of 
Olnei ration 


Apparent Sue I Culaur 


Duration 


Position or 
Appaient Path. 


1871 

tVug.ll 


1873 
May 14 


h m a 
12 33 am 


NenrTroubrnlge, f arge meteor 
Salop i 


3 5am 


About as large ^ White 
1 tlic planet V( nus 
when most bnl 
liant 


1874.1 

\ug. 1010 15 30 
p m. 


J. 


Lynton.N De\ou Vm bright mctcoi 


10,10 1C p m ^ftdthffe Ob. As bright as Venus 
aervatory, 

Oxford 
Bristol..... 


dept. 6 

13 

Nov.10 

11 

1870. 

Feb. 4| 9 30 pm 

M.jrir/8 40 pm 


8 40 pm 


8 53 30 
p tn. 

11 0 30 

p m. 

9 44 pm 


Crediton, Devon 
Bristol 

ibid. 


Melrose, Scot- 
land. 

lGreenhithe,Kentj 


— Jupiter 

= Jupiter . , . 

Brighter than 
Venus. 

-Venus. 

Brilliant meteor 
About=Venus 


Red 


[Perhaps the tame 
as that seen 
at Cardiff and 
Bristol at 12* 
22 m to 23* 
a m Sec these 
Reports foi 

1872, p 81 ] 

About 3 or i lust appeared i 
seconds { little eastward 

of the moor 
(then m tin 
S S W ), anc 
I passing a little 

| below it dis 

appeared t( 

1 the westwarc 

of that In mi 
nary at abou 
15° above tin 
horizon. 

. Position of the 

streak I 

I «=* 

, rrom337i°+5° 

to 331 -f 3 


Rapid 


Verv slow 


Slow 


Trom y to j3 An 
j dromedoe. 

From 275°+20 3 
to 255 -12 
Passed between 
p and y Oplii- 
uchi 

From 15° above the 
horizon to t Ursr 
Majoni. 

aw i w 

'From 43° +30° 

7 -4 

i» 

|From 31°- 6° 
to 24 -13 
[Travelling north.. 


About G or ?| 
seconds. 


to 


i 

t 
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OF LARGE METEORS 
SOME EARLIER YEARS, 


Length of 
Path 


I 

Direction or Radiant-point. Appearance, Remarks, &c 


Observer 
or Reference. 


A very brilliant meteor { lighted 
up the country Seen after 
two hours observations of the 
August mctcori on the Wrckin 
liiii. 


Descended at an angle of about 
40 \ from S L. to N W 


G. T Ryves 
Communicated by 
G J Sjmons 


Died gradually out, end left no F. V Jacques. 


visible tail or spaika—perhaps, 
from the hnghtness of thc^ 
moon, which was sliming with 
great splendour. 


Communicated by 
W F Denning 


’ [The recorded courses of this] 
meteor and of the next are 
not reconcilable with each 
other.] 


*17°, long path Directed from y Ljrtc 


Illuminated all objects withs J Johnson. 


Communicated by 
W. F. Denning. 


47° . Radiant f it .. 


dash like that of light 
mng On looking upwards, 

1 saw the streak as stated, 
which remained visible eight 
seconds. 

The meteor seemed to hurst at ft J. Lucas 
Androniedre I Identical with 1 Radcliffe Obwrvi- 
thelastmeteor WP.Denning] tions/vol for 1872 
Left a streak almost vertical m \V. F Defining. 

SAY. for a second. 


Very bright; left no streak . S J Johnson. 

| Communicated by 
I W P. Denning. 
Left a long train for 3 seconds W. F Denning. 


«ky. 


Falling stars on February 4th at Communicated lyO jJ 


9*,. .. Radiant the Ilyades, or • An-Only the end of the flight ob-Id, 

i rigsB. I served ; no visible streak. 


Its visible From west to east 
course ex- | 
tended half' 

»cross the 


0* A.M. 

Nucleus with a continuous tub 
and pieces dropping from it at] 
intervals. A faint vapour ap¬ 
peared to precede it, falling) 
back upon it as it sailed along 
A large and doe meteor, 


Symons 
[Extract from a News 
paper; communicated! 
by W. F Denning 
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RHOftT— 1878 , 


Date 

Hour 

GMT (or 
local time) 

I lace of 
Observation 

Apparent Size 

Colour 

Duration 

Position or 
Apparent Ppth 

1875 

b m 






June 2 

About 

WolverhampU n 

1 arge 


Vbout 7 or 8 

Its course was 


10 30 pm 



seconds 

nearly south 
east 


7 

2 15 aw 

Melrose, Scot 

Bn Ilia it i leteor 





land 

1 




25 

11 20 pro 

Cambridge 

hue meteor 



la the north 

July 7 

10 54 p m 

Bristol 

“Jupiter 



Passed just under 


| 



Cassiopeia 

8 

12 2 am 

Ibid 

— Venus ' 



Shot towards the 







sword hand ot 
Perseus 

Aug 1 

9 25 p in 

[bid 

—Jupiter 


Rapid 

•= 3= 





From 126°+ 53° 







to 125 +46 

8 

10 10 pm 

[bid 

About=\enui 



Shot across or near 






ir Pegan 

16 10 20 pro 

The Gaiden Cliff I arre meteor 

White, like 

Several 

From a point in tl e 



near St ^ncs 


b iri ing 

sccon Is 

S E to a little N 



Cornwall 


magnes un 


of E but a few 




1 


degrees above 

the neighbouring 








hills of Penhalli 
Mine 

Sept 2 

9 22 pm 

Regent s Paik, 

Large and brilliant Rather ruddy 


Caine from about 

London 




Corona its course 







ending about 10 
below m /3 Urt* 







Majons 

3 

0 52 pm 

RalthITc Obter 

! 

\bout3x U [Disk Blue changing 

5 seconds [1 5 

First appeared just 



vatory Oxford 

15 of da/7l ng 

to green 

or 2 seconds 

west of Saturn 



| Royal Obser 

brigUliicsi ] 


rijnd ] 

[Passed between 



vatorj Green 


• and 0, disap 



wich, &c ] 




pearing close to 
* Aquifie ] 

4 

Abwt 

1 45 pm. 

West Derebara 

Splendid meteor 



In the north-west 

6 

10 0pm 

Bmtol 

Large fireball 



In the eastern sky 

7 

tifel pm 

Btdollff* ObMr 

Brighter tbw 

Blue with red 

Duration 2 or 

Seven or eight well 
observed appa¬ 


vatory, Oxford, 
Ipswich, Kent, 

piter or Yanua 
Plak about 1 ap 

sparks Blue 

3 seconds 



colour of 

(Oxford, C 

rent positions of 



S array, Sun, 

parang diameter 

nucleus very 

or 7 sect ) 

its course, 



&c 

of tke noon. 

bright 
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Length of 
Path* 


Direction or Radiant point 


Appearance Remarki Ac 


Observer 
or Reference 


1° or \t> 
[»•] 


I Very >hid made a startling Arthur 11 In da 

I glare in the sky Nucleus Communicated by 

1 with a long train and a 0 J Symons 

‘ brig) l dame like head Sick 

| ering 1 Ice a torcli earned 

against the wind 

Communicated by G J 
Symons 

Very brilliant Seen alto at Id 
Calathorpe H*20 ro pw 

Directed from the Po liters iu 'V F Penning 

Una Mijor 

From the direction of fi Pcga&iLeft a tram for 3 seconds Ini Id 
n cdiatelv afterwards another 

meteor = Jupiter al ot dowt ! 

at right angles to the path 
of the former one leaving a 
streak for 1 second 

I rom direction of • Omc Mi Left a very bright tra a for two Id 
nor« secoi ds 


1 cm x Persei a 1 erae d 


'Vis He behind clouds loft a ll 
I long train 

iLight brighter than that of the K R S The * Times 
. moon Nucleus like a chain Aug 10th 1875 
of bright beads Seen also i 
’Wales and m Brittany 1 ranee I 
, f^ec Append \ l ) | 


• ' i 

Sloping downward towards,A. tine meteor seei throughT Crumplen* 
1 the northern horizon clouds wl ich ol scured the 


stars the opptreut \ ath sp ) 
j pruxin ate Nucleus with a 

broad tapering train visible 
several seconds after it on its 
course 

Descending slightly eastward Threw off a spark at disappear J Lucas (See Nature 
[Fell vertically Radiant wee about the apparent size of Sept 9 1875j # Aatron 
pi nt of the projected tracks Saturn [Ended with a flash Register April 1876, 
at 311°, +52^ ] of excessive brightness ] and Appendix I of this 

j Report) 

' Communicated by G J 

| Symons 

Descending slightly inclined Nude is globular | illuminated Communicated by Vf F 
from the verticil towards the sky like a flash of light Denning 
the left mng Seen by many persons 

at Bristol i the flash seeu also 
/ by Mr Denning 


Long course Radiant point of the projected Fireball with train of scattered Tha * Times, Bapt D 
tracks 347°, spark* 10° long Divided in Astron Register, Oct 

| mid course into two, with flash 1875 Ac (Sea Ap^ 

of blue light, accompanying pend, I of tbu Report) 
each other very closely to ex 
j Unction Detonated Left no 

I streak 
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HEPORT— 1876, 


Date. 

Hour 

G.M.T. (or 
local time) 

Place of 
Observation 

Apparent Si?c 

Colour. 

" 

Duration. 

Position or 
Apparent Path 

f 

1875. 

h ra i 





1 

Sep 11 

11 0 pin 

[Edinburgh, 

Large meteor L\- 


2 seconds .. 

Zigzag course a- 

Burntisland,Ac 

trcmelj bnght 



cross thelfoduhr 



Scotland 



iu Auriga. 

11 

8 20 p m 

Ljnn, Norfolk... 

3 or 4 X Venus ... 

Pale blue 


Close above the 
E. by N. hon- 
zon, which it 
did not reach 
before disappear 
i®S 

Twelve or fifteen 





14 

8 27 30 

Ilnval Obser\a. 

Large disk , nearly 

White or blu- 

Meanobsexved 


P m 

torv, Green- 

apparent size of 

lsli-white, 

duration 

well - observed 


wvch, and in 

the full moon. 

tail of sonir 

8 seconds. 

positions of ap- 



all part* of 


coloured 


parent course. 



England. 


sparks. 


25 

8 25 p ni 

Both 

About half appa 

Various 


Descended front 



rent diameter of 

colours. 


not far abo\e 




the moon. 



the northern! 







horizon, as if 
with full bright- 







ness, to thr' 
earth. j 

25 

8 30 p m 

Near Bristol . 

Xearlv half appa¬ 

White, like 

, 

Almost due north,, 



rent diameter of 

Venus 


from altitude 




the moon 



about 40° to 
about 30°. 

Oct. 4 

11 32 pm 

Bristol 

-Jupiter 

Bluish 

1 5 second . 

From s to fl Cetb. J 

5 

10 18 p.m 

Royal Observa¬ 

Very bright . 

Bluish white 

About 1 sec 

From altitude 4° 

28 

tory, Greenwich 

Near Aberdeen, 
Scotlaud 

1. 


N, 68° W. to 
altitude 3° N» 
78° W. 


i 

Evening 

Very large 

1 



Nov.15 

1 6 30 itn 

Leicester 

Very brilliant 

Reddish 

Quick . . 

Shot down to Ihe 



i 



S E horiton and 


* 



I 

i 

disappeared not 
far from Spies. 

22 

About 

10 0 p in 

West Dercham. 

Brilliant racleor 

1 

. .. . 

. 


f 

i 



i 


Dee. 9 

4 45 p.m 

Burnham 




In the south .... 

Large meteor. ^ 

. 
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Length of 
Path. 

i 

Direction or Radiant-point, 

Appearance, Remarks, &c. 



1 Meteor with strong light casting 
shadows. Halted and flashed 
as if at angles on its course, 
formed a zigzag streak visible 
for three or four minutes after¬ 
wards, which disappeared in 
form of o ring. 


Moving northwards 

i 

Grew gradually larger until it 
disappeared. Followed in 4 or 
5 minutes by the next meteor 
' L For description of the following 

I meteor, see Appendix I,] 

ong course . 

Radiant-point of the projected 
tracks, 348°, +0°. 

I 

Nucleus pear-shaped and uni¬ 
form in brightness, with flick¬ 
ering tail of sparks; faded out 
at disappearance, leaving a 
faint white streak. Light of 
the meteor intense Detona 
tion loud at Bradford, heai d 
also at Wath and York(?). 

. 

Course diagonally downwards 
from east to west 

Nucleus of oblong shape 

i 

. 

Felt obliquely as it passed from 
east to west, 

1 

i 

i 

Nucleus followed by a streaming 
train; left no streak. 


. 

In the night of October 
28th. Like a huge rocket, 
leading numberless sparks on 
its course. 

^Vivid meteor; lit up the sky in 
i spite of the glare of the moon 


Directed from some point in 
Leo. 



Observer 
or Reference. 


' Nature/vol xii.p. 460, 
Sept 23,1875; other 
similar accounts in 
the 1 Scotsman.’ j 


J. J. Allinson. 


The ‘Times/ Sept 1C, 1 
‘ Nature/ Sept. 23, 
1875, &c. (See Ap¬ 
pendix I. of this Re* 
port for the ml path 
and other particulars 
| of the meteor.) 

i 

J L, Newspaper ac 
| count; communicated, 
by W. V Denning i 


It. II. Olver, Id Id 


W P Denning 

G. L. Tnpmin. The 
‘Times/ Oct. 8th, 
1875 

Communicated by A S 
Herschel. 


\V. S. Franks. The 'As- 
tronomical Register/ 
I Jan. 1874. 


It made two descents, and 
flatbed off at uu acute angle,! 
aa in the sketch. j 


Communicated by 0. J 
I Symons. 
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BBFOKT—1876, 


Date. 

Hour 

G.fc T. (or 
local time) 

Place of 
Observation 

Apparent Slio. 

Colour. 

Duration. 

Position or 
Apparent Path. 

1875. 

Dm. 13 

h ra s 

10 8 p.m 

Dnstol 

= Jupiter , ' 


Very slow * 

Pasted just trader 




/) Urtac Maoris. 

22 

1 33 p m 

Hoiking, Surrey 

Abuut ^ diamctu 

. 

*Vot very rapid 

IntheNN.W. ... 

22 

l 38 43 

Southampton .. 

of(hu moon 

Large . 



1 

1 

1 

, ll 





p m. 






2 i 

About 

Drauehintf, near 

Large , .. .. 

. 


from W. to N.W., 


1 40 p.m. 

Ware. 




disappearing 
about 25° above 







the N.W. ho* 
rieon. 

23 

8 44 pm 

BrUtol 

— Jupiter 



Passed across p 





Genii norum. 

1B76 
Jan. 4 

9 28 pm. 

Street, Somerset 

2 X Venus . 

Yellowish 

1 second ... 

«= 




green 


From 210° + 72 6 







to 172+33 

31 

9 13 pm. 

Bristol . 

=Venus. 

Ml 1 

Rather slow . 

Path observed, 
From 64°—12° 



i 




to 80 -30 

1a the S.8.W. 
shy. 

fab. 2 

8 31 piin. 

Ibid. 

= Man , . . 

O M IN 4 SI 

Very slow 

From 17^+31° 





speed. 

to 185 +35 



Ibid. 



on line from 4 
Leonis to Cor 
Caroli. 


4 

7 34 pm 

£ apparent diame¬ 

... . . 

Moved very 

From 74°+4° 



ter of tbe moon 

1 


slowly. 

to 50 -1 
from y OrionU 

/ 






to a few degrees 
boiow«C«ti. 

13 

i 

7 8 14 

pm. 

Croditon, Devon 

! 

Precisely like the 
planet Venus. 

Green ill. 


From 0 to 3° be* 
youd a Leporia, 
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L.JJW 

Direction or Radiant.polnL 

Appearance, Remarks, Ac* 

Observer 
or Reference. 


From direction of the moon 
Radiant 6 Geminoram, 

i 

Left no streak* On Dec. 19, at 
6 h 15 m par, tit intense flash, 
piobably of meteoric origin, 
seen in a clear sky 

VY. F. Denning. 
'Astronomical Regis¬ 
ter/ Feb 1876, 

,, , 

From S.8.E to N.N \V, dc 

Nucleus an irregular luminous 

11 J Towell. 


fcccuding thus 

\ 

ball, with no well dt fined disk 
like the moon; followed by a 
long tram of lire broke lip 
ami disappeared before reach¬ 
ing the houzon 

The ‘Times* and 
Letter to W. F, 
Denning. 


S.W. to N E ... 

Seen in full sunshine Itsfoim 
like a common rocket 

F W. The 1 Times * 

Ibout i0° 

Inclined about 40° to the ho 
rizon. 

Shaped like a pear or a kite, 
left a faint white streak foj 
two or three seconds, and 
disappeared without exploding 
Seen in bright sunlight. No 
detonation heard. The ap¬ 
parent length and inclina¬ 
tion of the path were ap¬ 
proximately meo*ured with a 
rod 

Left no streak. 

E Daw. 

(See also Appendix 1 
for description of the 
same meteor by Mr 
Webb) 

i«i<ni* i m ] 

I 

Directed Rom Polaris Ra¬ 
diant in Draco (about \ Dra¬ 
co nn>). 

W F Denning 

I5 b . i 

•* 

.. .. 

Oust a strong light* Disappeared 
behind a cloud. 

J. G. Clark. 

ik. lit t 11 

Radiant A G i . 

V 

Seen through clouds. Left no 
visible train (Radiant proba¬ 
bly just north of • Tauri). 

W. F. Denning. 

IhortptUk 


Left no atreak. This meteor atid 
the next proceeded from the 
si me radiant-point in Leo. 

Id. 

'MtlHUtiM 

Slightly descending from left 
to right. Radiant in Leo. 

Nucleus globular f left no train... 

1<1 


Shot downward*... 

Seen on looking away from the 
planet Venus* 

8. X. Xohnson. 

* Astron. Register/ 
June 1876, p. 141. 
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REPORT—1870 



1876 I h ra s 
Mar 1 6 46 pm 


19 


Apr 15 


15 


Junelb 
[July 8| 
2o| 

24 

24 
24 

2j 


II 18 p m 
(Paruiimc) 


8 31 pm 


Place of 
Observation 


Apparent Size 


Colour 


Bristol 


Luxembourg 

Pans 


Bristol 


About illawkhurat 
8 35 p m i Kent 


> Jupiter 


Large meteor 


Much larger though| 
little bnghter( 
than Venus 


White 


Duration 


Slow motion 


FMitfctfftor 

Apparent Path. 


Passed near ( and 
o liras Mtjorii 
or slightly abo\e 
those stars 


2 5 seconds 


Very bright 


About 
8 10 pm 
(local tune)] 
8 55 pm 
(local time )| 

11 42 0 
10 25 30 


Suez and ata 
tiona on the| 
Suez Canal 
Iowa, U S , 
America 

Bristol 

Ibid 


11 H 0 11 td 


11 37 0 


.About 
10 Opm 


A 


Rtdchffe Obser 
vatorv Oxford 


Poplar Cast 


oplar Lfi 
London 


I arge fireball 
Large fireball 

n 

9 

=l»t mag* 

Nearly } apparent' 


bite 


Red then vivid 


diameter of iLiej green 
moon 12 or 15 1 
wide but much 
longer, with no 
change 


Rather swift* 
Not very swift| 

1 5 second 


About G sc 
condi Mo 
tion quite] 
uniform 


o— £= 

From 90°+24° 
to 52 4*31 
Passed about 5 C 
above ?, and 
disappeared be 
hindf houses in 
the W N W 

rirst appeared close 
to the planet 
Venus, and 
streamed past 
the Pleiades to 
the honeon 


•= 3= 
|Froto 337°— 7* 
to 348 +18 

• = t =3 

From $06°+27* 
to 317 +89 

azt i bs 

I From 38°+53° 
to 55 +39 
[From 50 Caiaio- 
pei* (/ Cuato* 
dls, Bode) to C*J 
pelia. 1 

From R A 15 h 15' 

8 Ded. 17°, 
to BA lt» 
SO* N D«d 
18° 

Observed while 
comet - seeking 
near the planet 
Jupiter 
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Length of 
Pith 


T ong path 


Direction or Radiant point Appearance, Remark* Ac 


01 server 
or Reference 


Radiant at * Pertei 


W 


Left no itreak Seen by F Den 
ntng the recorded path fron 
deicription 


W F Denning 


A fireball reeorlcd m the watcl jChapelat Conlvier Oia 
for meteor* kept at the Ob v er Comptei 
amatory of the I uxembourg Rcndul vol hx\ i 
in March 1870 Mean hourly p 924 
n imber of meteor* for tl o 
n onth 2 1 ordi lary average' 
for the month a f 

D rected from between Procyon Pear shaped nucleu* en It gM F Dcnmng 


and Ca»tor 


[Courae of no 
great length 
or apeed 


fat t sparks ns it rolled al 
left no streak 


£ I 


1 beaut f tl meteor icen in the P Humphrey 
Weitern twilight 


W 

I 

24 ° 


.Radiant in Aquarius 


Radiant ]» Cassiopeia 


Detonating bur>t with a loud 
report 


Very fine meteor left aparks an 1 
a train I 


(See Appendix II, 
I urge Meteor*) 

II 

i\V F Denning 


eft a bright train for 2 seconds 11 
I eft no streak 11 


* 


Tram [Identical with the bit 
meteor ] 


J Incai 


1 U first small and appeared 1 1 be 
gett ng red 1 ot tl en burnt 
I forth with a vivid green flame 
| w! ich continued to near the 
end of it* path when it teemed 
| to be burned out and ditap 
peared 


Jol n Lane 
Communicated bv 
W F Denning 
(See alto Appendix 
II Large Meteor *) 


1876. 


K 
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EXPORT— 1876 . 



Hour 

G.M.T. (or 
local time) 

Place of 
Observation 

Apparent Site. 

Colour. 

Duration. 

Petition or 
Apparent Path 

h m 
Aliout 

10 0pm 

[Near Maiden- 
| head, Bucks. 

! 

|Large meteor . | 

i 

Vivid gTeenJ 
like on arti¬ 
ficial light 
rather than 
a natural 
shooting- 
star 


In the northern 
sky near the 
Great Bear 


2a 10 2 pm Url.tot 


Vny largo 


ro»ied from east] 
to north at an 
altitude^] above 
the horizon about 
the same u that 
of the planet 
Jupiter at 9 p.m 


5 p m Edgeware Road/Urge apparent disk Vivid emerald-More than five Prom the constel 


green j train 
of dory red 


7 p m Street, nearClai-4x 3/. 
tonbury,Somer-| 
actsblre 


25 Abont Hersham, Surrey i»arge meteor 
10 12 pm | 


seconds; lation of Aquila 

leisurely [’] through that 

speed. of Hercules [?] { 

curved slighili 
dottnftardi t pau- 
ing a few degrees 
under, and dis¬ 
appearing a little 
northward of 
A returns. 

About 5 or 6 From about 2J0° 
seconds. —10° to 5° 

+ 53° (nearly; 
view of the stirs 
Mar its course 
obstructed by 
clouds). 


. Speed of ap- Passed close under 

parent mo- Arcturul, a* hi 
tion very the sketch. * 
i leisurely. 


‘Blue* or 
'green* (two 
observers). 


31 M3 p m illiistol . —Sirius „„ J .. 


I Aug, i 10 17 p.m Glasgow Mot very large or 

! I brilliant | 


Rather fast , *■ 

Pram Ze^+lO® 
to 280 -10 

1 1 seconds. . Potted oxer Uw 
| south side of 

1 Glasgow. 


& 10 18 pn. Brialol . 


0 39 pm. Radcliffe Obscr--=Ist raag.a . .. Red ... 
vatory, Oxford 1 


1 second .. 


*■» {• 

From 20®+47® 
to 8 +38 
. Passed ij BoOUa 
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Length of 
Path. 


Direction or Radiant-point. Appearance* Remarks, Ac. 


Prom west to eait 


Moved horizontally, (bus 


Rocket-like; seen by several per¬ 
sons [An equally large me* 

| tcor, writes the Paris corre 
spondent of the ‘Echo, 1 July 
I 21 or 25, had ircently been 
I seen in Pain —'T. trumplcn 1 

the meteor hurst at the'find of Communicated by W, 1 
I its flight and left ti blight train Denning, 

| [The recorded ullitude of its 
| apparent course disagrees with 
^ — - — - that assigned at Street, below, 

i and with other more distant 
1 observations of the meteor’s 
j track ] 

Almost horizontal [The early 1 Body of the fireball a large sphe~. 
part of the meteor's course rival head tapering awav into a 


Nearly 00° 


here described differs very 
widely from that assigned to 
it bv other observers in the 
neighbouihood of London ] 


Almost parallel to tlve horizon 


About M° ...|Left to right, newly horizontal! 
Arc turn 9 * 

Path ofMtttor | y 

. I 

[*0*. Radiant Lyra or Di aco 


Prom north to south, angle at 
«•[?]■ 


tail of fiery red coluui, followed 
by a luminous track Appealed 
with sudden brightness, and a* 
it travelled on collapsed sud¬ 
denly with a bright effulgence, 
exactly resembling a firework] 
close at hand. 


Left a splendid tiam of frpg- 
incuts redder than the heed, 
two of which were as bright 
cs 3rd mag stars, Disappear'd 
with a sudden flash. 


Sky very clear, and appearance 
of the meteor very startling 
Its head had the appearance 
of being double—thus, the 
larger of the two parts above 
(but this Inipresiion may have 
been a deception) *— 

jC, 


V fmc meteor; left no streak 
seen through clouds. 


Observer 
or Reference 


WiWajte 

The ‘Times/ July 2fl 
187C. 


I! Omroanney Lcttei 
to Mr Glaither. 


Communicated by J h 1 
Clark. 


George Dines Letter] 
to Mr. GUisher. 


W, P. Denning; 


w ...... 

t 


Radiant of Persetds 


Directed about from a Canum 
Vauaticorum [?]* 


Like a rocket, with an extra James Thomson.- 
ordinarily long tad. Tra ’ 
veiled m a zigzag or tic 
mulous manner. 1 


Left ft bright train . 


Train. [Identical with the next 
meteor,] | 


W. P, Denning. 
[J. Lucas. 

A u 
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Date 


Hour t,. , 

0 M. T. (or, ~ P ,ace ° f 
local time) 0b,erv * tion 


Apparent Sue* 


Colour 


Duration. 


Podtfcm or 
Apparent Path. 


1876 
Aug. 6 


h m 

10 40 pm 


Bristol 


8 11 57 pm. (hid 


10, About Ibid 
9 28 p m I 


= V ... 


-If 


10 


= u. 


About 
9 54 p.wi 


10 About 
) 8 30 pm 
(local time V 


11 12 59 a.m 


I 


llml 


Off New York 
Long about! 
54*° W., Lat, 
about 424° N 


Very large meteor; . 
2X?. I 


Like a planet, or 1 
brighter 


Bristol 


Nearly = U 


11 10 38 p m ! Bristol 

11 


About 
11 15 pm 


= 1/ 


Cardiff, South 'Large and bright . I 
Wnle. 1 


11'About 


11 20 pm IlnstoO 


Clifton (and ! Very large meteor 


itatlcr swift 


Not sm iwl/i 


From l Urne 
Majoris to q 
Booti* (199° l 
+54° to 207 r 
+ 19°). 

From fl* + 25 
to 550° + 39°, 
just to left] 
of m Andre- 


Rather rapid 


From 53°+79° 
to 2U +74 
From 85°+ 78° 
to 183 +08 
(observed path). 


In the west . , 


From /J ArietU to| 
2° below the' 
moon, or from 
27°+20° to 23° 
+ 11°. 

8m 

From 1M°+W° 
to 170 +58 
Bunt forth over 
head and travel- 1 
led In a weaterlyj 
direction. 


• iMi sa* fiiaiatMM 


Apparent eounc, 
that, above Una 
Major* (horn 
alighUjr beta 
PoUrU toward 
the W.B.W. ho. 


deacriptioa.) 
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Length of 
Path. 

Direction or Radiant-point, 

Appearance, Remarks, Ac 

i 

Observer 
or Reference. 

35°. 

Radiant in Perseus or Cossio 
peia. 

A splendid meteor . 

W F. Denning. 

16° . 

Moved upwards 

Left a blight tram. 

Id 

27° . 

1 

Left . bright tram for 2 second. 

M 


| i 

^ . *' i 

| 

Left a short bright train at 

1 150° + 78° visible for 5$ ini 

1 nutes, and drifting thence to 
183 n 4*7°. 

t 

Id 1 

i 

1 


N. to S., in a line nearly paral- 

From 8* lb w , eight meteors seen, 

Communicated by J L 


f lei to the honzoii 

i 

i 

t 

9 h to HD, U meteors} I0 h 
to 10 h 30”, 3 meteors. On 
the lUh, 8 h ib m to 9 h , 8 me 
teors; 9* to 10*, 8 meteors 
teen Aug. 12th, 30^ to 

10\ only 2 meteors. Sk\ 
quite clear most of the time of 
observation. 

Clark. | 

i 

i 

1 

1 . i 

10° . 

. 

... . 

W F Denning. 


19 ° . Radiant in Cassiopeia.Very fine meteor; left a streak,, Id 

i 1 

.. .. ...... Rocket dike; caused a brllhftnhC J. 

flash of light, and left a vivid' (‘ Western Daily 
streak on about 10° of its, Times ’) 
course, which remained visible 
several minutes. 

...Extremely bright, like viud light. Communicated by W. F. 

nine, even m the strung moon- Denning, from ac 
| light. Left a broad bright train couutabvG.F.Burder, 

! visible for fully a minute. (Nu Clifton (and hj othei 

1 cleus round or oval. Keynish, observer* near Bris- 

near Bristol another, rather tol)„ 
smaller, visible ten minutes 
later. See Appendix II, Lorg** 

Meteor*) 
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Date 

Hour 

G M T (or 
local tune) 

Place of 
Observation 

Apparent Sue 

Colour 

Duration 

Position or 
Apparent £ath 

1876 

h m s 






Aug 11 

11 21 pm 

Sunderland 

T arge and bright 

White Streak 


Point of disappear- 



Durl am 

red above 


a nee m— $= 





>ellov at 
lowest 







point 



11 

11 2 l 30 

Lrclton Nortl 

l ully as bug) t as 

Greet uh 


h st appeared be 


p ra 

j Devon 

\ CUU9 appe u a at 

her brightest 

Vr llltC 


tween the con 
stellatiom Per 
teu* and Urea 
Major Prom 

t 

n 

1 

ttrltlc near 




10 (0 Bode) 
Camelopardi, 
halfway towards 
• Urwe Majoni 

VI out 

Mieh 1 1 ghtert lan 



Tint appeared 


11 21 j n 

Cl elmsforJ 

| \ c 



about 6° north, 


1 

li3 CX 




preceding • Co 
ronaa passed be* 







tween that atar 


and « Bobtia, 
and died out a 
few degrees $ W 
of m Coronee 


1 13 

9 27 pn 

Ralclffe Ohscr 
\atory, Oxford 

Laige nut for 



Starting point 
near « Cassio 
l>ci» End of 
course bidden 
by the Tower 
of the Obser 

1 13 

9 27 pm 

Buntingford, 

Herts 

= ? 


\t least 2 sees 
Moderate 
speed 

vatory 

Passed close to 
• Cjgnl 

About *= $= 
from 30°+67° 
to 305 4-37 

IS 

Vlio it 

0 2G pm 

Bristol 

U least as bright 
as Venus apj ears 
at its maximum 


s ow motion 

Pint seen slightly 
abote Arcturaii 
disappeared un 
der the star 
group of Come 
Berenices, on 
the NW bori 
aon, descending 
obliquely 

lu 

D |) pin 

Radcl ffe Obser 
Calory, Oxford | 

1 

3 or 4 x Jupiter 

Blue to green 

1 seconds 

From «, passing 
n BootU, to a 
point on the 
h orison in a 
line with ^ 
Un» Maoris 
and » Canuai 
\ enitfcq^ura 
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Length of 
P*th. 

Direction or Radiant-point 

Appearance, Remarks, Ac. 

Observer 
or Reference* 

Terminal part 
2° or 3°.) 

Directed from tj Aqud®. 

End of courie only seen, dis¬ 
appearing behind trees, with 
a strong glow extending mam 
degrees round Streak 2° 

long left for three seconds, 
1° or 2° aboie the point of 
disappearance. 

T. W. Backhouse. 


Form of the streak. 

ir 

Left a streak visible for 50 se¬ 
conds, which became curved 
like a reaping-hook before 
disappearing. Also teen at 
Lytham (coast of Lancashire), 
at ll h 18 m r m , apparent path 
near the zenith and to the 
south vi ard 

S J Johnson. 

(* Exeter & Plymouth 
Gazette/) 

. 


Meteor like a long pale-green 
flash, leaving an orange train 
for fully a minute. 

! 

H Corder 

(* Astrouomical Re- ' 


Cot ot\4u 

. * ♦ 

gister/ Sept. 187C ) | 

1 

i 

1 

S 

Shot southwards. 

1 

Left a long tram. [For a descrip, 
tion of this meteor's course at 
Folkestone, see Appendix III, 
Periodic Meteor-showers ] 

i 

i 1 

Communicated by J. 
Lucas. 

' 

5 ° . 

| 

i 

A fine Perseid, left a streak foi 
5 or 6 seconds [Identical with 
the last meteor.] 

R. P. Greg 

i 

i 

.. 

N«t a Perseid ; radiant appa¬ 
rently in Aquila. 

i 

i.. 

Nucleus pear-shaped, emitting 
sparks as it rolled along, but 
leaving no persistent streak 
visible in the na/y sky. 

W. F. Denning. 

i 

J. Lucas. 

I 

i 

! 

i 

1 
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APPENDIX. 

I, Meteors Dotjbly Obseiwed, 

In tlio list of obsoi vations presented with last jeui’w Deport, Bovoral 
examples of meteors doubly observed, chiefly in the August meteor-show or 
in 1874, occurred, and tlio heights and real paths of these meteors have been 
calculated. The computed real paths and iclocitios, and the radiant-points 
from which tlio meteors were directed, aio shown in the Tablo opposite. 

It is probable that few observations arc sufficiently trustworthy to give 
correcl values of tlio speeds ot individual meteors, but among several 
such determinations the nvciago velocity of the Perseids lieio found may bo 
regarded as appioximatel) uscei turned, and it does not greatly exceed the 
value which theory assigns to it. Tlio real path and radiant-point of the 
fireball of August loth, 1874, has been recalculated, as well as the velocity 
from tho average of two observed durations of its flight, the calculated speed 
is within a mile of the velocity of a body moving in a parabolic oihit from the 
direction of tho radiant determined by its uppaient paths. The latter point 
is very near a known radiant-point of a shower to which it may bo presumed 
that this huge fuoball belonged, and a marked ccntro of radiation of 
shooting-stars near p e Aquarn, during tho annual shower of Perseids, is 
thus probably confirmed by this doublo observation. The lecorded tracks of 
the fireball at Birmingham and New castle-on-Tyne diverge from a centre 
at 11 A 813°, S Docl 14° , and n radiant-point from tho 3rd to tho 31st of 
August is shown by Dr. Schmidt’s investigations to bo observable at It A. 
306° 8 Deck 8°. The stm e Aquaru (lt.A. 310°, 8 Dccl. 10°), near this, at 
some distance from winch several other ladiant-points for July and August 
arc clustered m Aquarius, occupies tho extreme west, whilo the latter radiants 
more nearly adjoin a star 0 (It A 333°, 8. Deck 8 C ) which ia in tho eastern 
part of the same constellation *. 

In the list of largo meteors which aecompanies this lleport, an observation 
of a large fireball on August 10th, 1875, ot l0 h 26 m r.M , near St. Agnes, 
Cornwall, is described, of which two otbei descriptions also appeared in ‘ The 
Times’ of August 21st and 25th, showing that tho meteor was visible over 
a very wido areu, from Wales to Brittany m Franco 

Ty Mftwr, Ty Llangelly, near Cnckhowell; Mr H. Ball — u On August 10th, 
at 10 h 20 w f.k., I saw a very bright meteor, which is probably the same os 
that Been, by your correspondent F RS., from St Agnes, Cornwall From 
this place its position was nearly 5° below and to the right of tho full moon, 
on a line inclined 45° to the hon/on. * 

Bedon, Lower Brittaii), Franco, F.R.fiS.—“It may bo worth whilo 
mentioning that tho meteor seen in Cornwall and Wales was also seen by 
me at Bedon, Lower Brittany, at tho same tiruo. It was exceedingly bril¬ 
liant, and, as F.R.8. romarked, it much resembled a string of magnesium 
beads. The night was Bingularly dear and the moon very bright, but tho 

# J J the oopy of Sob mult's list of radiant-points printed m tho volume of these Reports 
for 1JT4, p 3zl, it nhould have been observed that th© positions to which day$ as well os 
months of duration are assigned are asterisked in the original list as accurately (the rest 
being 1cm accurately) determined The radiants near 9 Aquani m Schmidt’s and 
Tupman's lists are erroneously quoted in the Monthly Notices of the Royal Astronomies! 
Society (vol xxm p. 218) as being the “ nearest known ” radiants to the above described 
point of emanation of this meteor's real course. 
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Real Heights and Velocities of Shooting stars and of a Bolide observed in England, August 10th and 11th, 1874 


Bef 

No 

Date, 

1874 

Aug 

Hour 

m 

Place of 
Observation, 

Magnitude 

Colour 

Duration 

1 

Position of , 

Apparent Path 

Fr "t To . 1 Clbeor-er 

a ( a C ■ 


Meteor s Heal Course 

Began Ended 

Length 

of 

Path 

Velocitj 
Miles per 
second 

Radiant point, 
a S 

and Remarks, 

Height 
m B b 

nuleir 

Geographical 
Pos tion 

Height 
in B S 
uiilei 

Geographical 
Pos tion 


a 

h m s 



| 








1 

10 

10 52 15 

Newcastle- 

>lst tnag 

From 5 3 before l 30° sireah 3 seci 

99 

Over a pomt 3 

b3 

Cher Mitford 

41 

1 41 





on Tyne 

or yel 1 5 

Equulei shot A 3 Hersehel 


nules b of 


k orbhire 


(ai erage) 

(7 Caswop) A 





eec 

across that star 


Castle How 




273 

fair accordance. 






to i Nornue 


ard York 




Newcastle) 







Aquarn 


shire 






1 

10 

10 6 o 30 

York. 

>l*t mag 

c oo O streak. J 












Oo sec 

330 +57 300,+4i E Clark 








2 . 

10 

10 52 45 

Newcastle- 

>lsl mag 

From 2 ° below e btreak 3 aeca. A 


Over a poi t 3 

64 

0 cr a po nt 4 

41 

37 

51 +56 




on Tyne 

or yel la 

Pegasi to 4 be | 8 Hersehel 


miles r W of 


lie W of 


(sierage 

(D Camelop) A 





96C 

low u Aquani 


Dr field 


I ,ifl vorth 


i 3 

fair accordance 

2 

10 

10 oo 30 

York, 

- V 07 sec 333 + 50 - 316+38 10 ° magni 6 «*nt 


Junet oi 


k urLsh re 


I New castle^ 



1 




streakS *etB J 


Yorks) ire 

1 










It Clark 



1 





3 

10 

11 5 

New ait lo¬ 

1 st m»£ or 

Passed across n & reai 2 secs A 

70 

Over a point 2 

o 8 

Over a po lit 4 

0 

0 

7+J4 




on Tyne 

yel 

p j] tquani 6 Hersehel 

L*W] 

jmle»W [ o 

[ ai] 

m les E of 

[ 68 ] 

[ 68 ] 

[724 +a4] 






directed from 4 


nulea E] oi 


"elbr [Mm 



New astle obser 






03 p) PegasL 


bhips ar 

| 

N | I) 



lat n doubtful 

2 

10 

11 8 

York 


3a0 +51 3tr7 +27 33° *t-eok 3 


\orkeb re 


ca ter] 1 ork 



should perhaps 

1 _ 




— 1 — 

L Clark, 



1 

si ire 



be ^ 



5 10 11 32 15 


6 | 10 1134 Ywk 


:>Sinus From } (6 d) La 40 6 strevk on 
white 15 certa to t Del whole cv ree 
sec phim br ghtestmm d 

ol coune 8 eos 
A 9 Hcrachel 

= ll (Msec 260 + 80 2 o0+6t 17 3 streak4secs 
J E Clark 


82 Over a point o 4J Oier a j nt 1 
miles W of mile N ol 

Hartlepool I Bedale k urk 

Durham 1 shire 


.)! 37 +64 

(average) (i Caesiop) A 
34 Ten good ac 
(Newcastle) eordan e 

f I 


6 | 10 II 34 Sunderland 2nd mag In Cvgnus toifonnab e T 

W Baikhtni-e 

. 6 . 10 1136 iork 'istmag 02a2o3 + 79 23a +71 10° streak 1 sec 

aee J E CUrk 


Sunderland ob 
senation only 
approumuie 


7 10 lli 


7 10 

I 


Birmingham 1st then 260 +18 216 +32 Expanded tb ret 
elongated j near Corona 

fxiJ bl thence as H 

wh then mag star with 

red 6 sere deflected ourse 

toeBooti* W 
IL Wood 

Newcattle- = $ orange 287 -17 275 -17 12° expanded 
on Tyne then green leaving frag 

with red ments and ml 

•parka 28 I sparks o i Ira k 

4e« to exti ihoi 

Mi n streak A 

N Hernhel _ 


0 er a p t f 
u ile> N E t 
Peucuder 
Caermartl e 
«lnre Sou h 
WaU 


33 O r Bnngu 
N Wales 


1 (3 

(a erage) 


ul3 —14o 
Near y e Aqua 
r i) Agreement 
of apparent 
paths very exact 


nr 

* 10 


Birmingham 2nd m&e 

176 +7a 100 +62 Radiant ij Peree 

97 

Over Beekw th 

3 

Ove Chipping 

oi 

4a 

38+09 



| 12 6 

i 

blue 0 a 

W H Wood 


W c<t Riding 


Lan as hi re 


f avenge | 

(Ci^iopeid) 1 

[ 




1 sec 



lorUhire 




34 

Fairlv good ao-1 

1 S 

10 

! 12 7 

Newcastle- 

2 nd mag 

From l Cygiu to Streak 2 see* A 






(Newcavtlej 

cordance 

1 



on Tyne 

yel 1 see 

3 U preceding t '■> Herecbcl 







| 



1 



Delphmi 








1 9; 

11 

10 41 , 

Birmingham 

Utmag jel 

33 + 66 27 +72 W H Wod 

U 8 

Oi er a po it 2 


O or a po at 2 

28 

32 

39 +49 




i 

1 sec. 



m les \ of 


i les s of 


average 

(SPervei) A good 


11 

10 41 

[Ibid 

lstinag vel 

32 +fo 2a +“0 T H Waller 


1 ifonl 


Alt rt ton 


Eirn mg 

agree uent Ob 





07a eec 



Nutts 


Derbi sh rc 


han) 

serrations all 

1 9 \ 

n 

10 43 

Tooting 

11 2 mag 

la7 +C2 16a +57 Close to a $ l re 







independent 



! 

Surrey 

white 

May HW'Jickeon 








10 

ii 

11 30 

Birmingham 2nd mag 

40 + 62 1 t 6 T H Waller 

7 

Oierapon 7 

a9 

O cr a point 3 

32 

43 

49+i3 





075 sec 



miles b E of 


ri lies S E ol 



^D Cara lop) 

10 

n 

11 30 

. Tooting 

1 2 mag 

142,+67 lo7 +62 Ended close to 


Voortow i 


Carl on 



Attramen not so j 




Surrey 

white 

w) ere the lav 


Lincolns! ire 


Notts 



do e us the lad 






be»a H W 













| Ja Lon 









Average Heights Ac (om thug the Bolide No 7) 04 5a 

Average Velocity (from 'Newcastle obaenatious of durat ons) of four Perseids and Cassiopeids and one Pohr d 


44 

315 
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light of tho meteor was vory striking; it appeared ^to me to ho moving 
slowly in a comparatively horizontal course." 

The most important instances when duplicate observations of meteors were 
collected dunng the post year, permitting tho height and direction of the 
meteors’ reul paths to ho determined and very aocurato results to be obtawod, 
occurred on tho 3id, 7tb, and 3 Uh of ^September, 1875 It would occupy 
too largo a space in those Iteports to relate at longth tho various accounts 
that wore published of those meteors; and those which oftciod the greatest 
accuracy of description and position only are hero extraotod from the compa¬ 
rison and reduction of a great many excellent records of their appearance 
published by Captain Tup man m tho ' Astronomical ltogister ’ for April 1870. 

Meteor of September 3rd, 1875, 52 ni r nr.—.A meteor ending with a 
flash almost as blinding as tho buh, soon by (J. L. Tupman at tho Royal 
Observatoiy, Greenwich, with an apparent diameter of about 15' of arc, 
falling exactly vertically in 14 or 2 seconds to a point loss than 1° below 
and rather less than this to the left of * Aqiulse, from a distance of some 20° 
above that point It diminished in biightuens at flrsl, but disappeared with 
a flash at last, having about, half the moon’s apparent diameter, as far as its 
brilliancy allowed the eye to estimate apparent dimensions of its disk, and it 
appeared globulai and left no streak on its course 

This is tho description given of it b\ Gaptum Tupman, and hi mil m accounts 
of its path and appearance wore obtained ut other places At Tedslono Dela- 
mere Rectory, near Worcester, it was visible in tho *S.H by H falling verti¬ 
cally, and also falling vmticftlly at tho Kadclifto Observatory, Oxford, liy 
Mr. Lucas; while ut Ijcighton Buzzard tho direction of its path was also 
vertically downwards , and its appearunco at all these places was extremoly 
brilliant. The radiant-pomt of this meteor was very nearly m tho zenith at 
the time of its appearance, and from the potations of its apparent couise 
furnished by tho different obseners, Captain Tupman concluded approxi¬ 
mately its roal coin so, aft will bo seen in the annexed Table (p. 144) of the ieal 
paths of this largo meteor and of two other brilliant fhcballs which appeared 
a fow da)s later m tho samo month*. 

Tho Beoond large meteor generally observed in the Boutbem parts of 
England in tho first week of the samo month appeared at 31* 21.*" pm, 
September 7tli, 1870 ; and eight or nine relmblo observations of its apparent 
course at different places, principally in Kent or Hurroy, und Essex, and at 
Ipswich and Uxfoid, were collected and compared togother by Captain Tup- 
BVUi. Arnonp thoso are descriptions by tho observers at tho Royal Observa- 
Grccnwioh, And at tho Radclifle Observatory, Oxford. It appears to 
been of Somewhat loss splendour than the other two bright fireballs of 
which numorom accounts m the beginning of Hoptember were obtained, bnfc 
yet, 04 seen from Wnttlo near Chelmsford, almost immediately below its 
real point at disappearance, it will be seen, from Mr. H. Corder's excellent 
description of itt whioh follovVa, that its light was sufficient to illuminate all 
objects with a bright flash, and that a very distinctly audible detonation 
followed its disappearance 

I did not see it at first, but hoard that it rose upwards from the 8.W. 

* The detail* of the various debcnptwus, and ft \alu*ble series of conclusions and 
deductions from them, will be found m an nrtiole communicated by Captain Tupman In 
the 1 Astronomical Register * for April 1$76 The final results of bis calculations of 
these meteors’ real paths arc also contained in tho nurtbe* for February, 187ft of the 
* Monthly Notices 1 of the Astronomic*! Society, vol. xxxy}. p. 316, 
t 4 Astronomical Register’ for October 1875, vol, xii p. 246, 
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| ? B.E.], bursting like a skyrocket into a number of piocee, then fading away 
mid bursting out again. At first it was of a blue colour. It was sufficiently 
brilliant to light up tho country When 1 saw it it had just passed above 
a Andromedee, and was of a decided mauve tint and doublo. It rushed along 
at a great speed, with an unsteady flickering light of great brilliancy, and 
disappeared near tho cluster \\\ m l^racus It left no tram, but was followed 
by a few epuiks One minute and threo quarters after disruption I hoard a 
double explosion like tho firing of a double-barrelled gun at a distanco, fol¬ 
lowed for about Lo seconds by a rolling sound liko distant thunder I also 
heard that on tho Friday previous (the 3rd of Scptombei) ft bright meteor was 
seen, just before 10 p.m,, bursting into several red sparks. It went about m 
a direction N. to 8/' 

Another well-described account of the magnitude and appearance of the 
bolido of September 7th is that of Mr. W* A. Schultz, who saw it at 
Lowisham (near London), Kent, aud writes that it appeared to be threo 
times the apparent size of the planet Jupiter, of bltush-white colour, 
leaving a fino train. The nucleus was of extreme brilliancy, and emitted 
magnificent bluo and red spiuks Its duration was 1-J second. From Mr. 
Corder’s account near Chelmsford it appears that tho fireball detonated, or 
broke up and disappeared with an audible explosion, the sound of which 
occupied minute in reaching his position. Idas being, according to tho 
calculated real place of tho meteor at disappearance (21 miles above a point 
near Witham iu Emsox), about 23 miles distant from Ins place of observation 
(a distanco which sound takes l w 50* to travel at its ordinary speed in air), 
it affords n satisfactory gTound for the conclusion that this fireball, although 
not so brilliant as that which preceded it on September 3rd, was yet certainly 
of tho detonating or “ aeiolitic v class, which was also tho character of the 
fireball of 14th September, to bo next described 

This was ono of tho largest meteors which has boon visible in England 
for several years, and numerous notices of it were published in the daily 
newspapers, in addition to vhieh several pnvate accounts of its appearance 
were collected by the Committee, and more particulaily by Captain Tupman, 
who himself observed the meteor, and who has compared together all tho 
available descriptions. Omitting details of tho apparent positions of tho 
meteor’s path bj the stars, which have been recorded and carefully reduoed 
by Captain Tupman in the above-mentioned communication in the ‘Astro¬ 
nomical Register/ the following aro some of tho particulars recorded at 
different places ot the meteor’s brightness and general appearance. 

Noar tho Roj-al Observatory, Greenwich, Sept. 14th, 8 h 27J m , G.M.T,, 
Captain Tupman states —“The fireball was very bright, but of ordinary 
appearance, three or four times brighter than long tram; left no 

streak ; colour whito; motion slow and stately. I estimated tho duration at 
two seconds, perhaps more; but I did not count. Lieut. Neate, R.N., saw 
it from the Observatory grounds, but lost it behind a roof at mid course, 
after seeing it for two seconds. Colour deep yellow, with red lower edge. 
Time 8.27 p.h.” 

Tram Inn Station, near Hereford, 8 h 30 m r u.—The Rev. T. J Smith 
describes tho colour as a beautiful greenish blue of intense brightness, even 
in' yhe strong moonlight. The train narrow and straight, of red sparks, 
which continued longer than the light of the head. It appeared to extin¬ 
guish without any detonation. 

Near Wisbech, Mr. S. H. Mil let writes *—“ I was driving towards the 
west, and the moon shining brightly in a cloudless sky, when my attention 



OBSERVATIONS OV LUMINOUS METEORS. 


141 


was attracted towards tlie north by tho bright light of this beautiful meteor. 
At first it was as largo us Venus three times magnified, and of a blue colour. 
In about a second it passed into tbe poor-shape, leaving a tlun streak behind 
it. [The appearanoe of a fireball seen at Wisbech on March 1th, 1872 (see 
these Reports for 1872, p. 70),“ like a drop of molten silver/’ is hero referred 
to by Mr. Miller as exactly resembling tho aspect which this fireball assumed 
at its greatest brightness,] In another second it diminished to the sizo of 
a star of third magnitude and appeared yellow. Xhero was no oxplosion, 
but it disappeared about 15° from the horizon ’’ 

Other "descriptions at Teignmouth, Wath near Rotherham, Halbtoad in 
Essex, Fanngdon in Berks, Yoik, Ludlow, Ruth, Cambridge, and Manchester 
agree in describing tho luminous apponrnneo of sparks, corruscations, and light 
Hakes accompanying the meteor as confiiud to ft short finming and flickering 
tail, sometimes divided, following the head, somewhat rodder than the fore¬ 
most brightest part, which had au apparent width of £ or while the whole 
apparent length of the oval disk of tho meteor was fully equal to or some¬ 
what surpassed one lunar diameter, and tho nucleus collapsed on neanng 
the horizon without any Bigns of an explosion. Some poitions of tho tram 
of sparks appear to have been of more persistency than tho lest, us an observer 
at Sudbury, Suffolk, writes ;—“ Tho shooting-star itself was very large 
and bright, and attached was a long tail, broken at about a third of its length 
from the end into dashes and dots ot bright colours, leaving a white track 
behind for several seconds after tho meteor itself had disappeared.” The 
accounts at other places dosenbo a flame-like tail and spaiks lollowing the 
head, although not a persistent laght-Btreak left upon tho meteor’s course. 
An observer at Duxford, near Cambndgo, saw not only the meteor but the 
sparks also throwjh an oidinary white calico window-blind, ulnch was down, 
at tho time. 

As regards the meteor’s brightness, its light at some points of observation 
fully equalled and perhaps surpassed tho intensity of full moonlight. In a 
letter to Mr. Glaisher, an observer at 8t. Ives, Hunts, Mr. J. King Watts, 
relates that the meteor “started into view from Ursa Major immediately 
opposite the moon, it travelled slowly, was of tho most intense bright white 
light, round, and five or six iiraes the sue of any of the planets. The sky 
was clear and cloudless. We weio travelling between the moon and tho 
meteor, and our shadows on tho road caused by the moon were of course 
large and clear, but those caused by tho meteor were more clear and more 
sharply defined/* A notice of no less interest and importance (but with which 
no name and locality were given) appealed in the * Northumberland Daily 
Express/ affording good proof of tho intensity and duration of tho meteors 
light. “ There was a tree in the passage j and suddenly I found mysdf sur¬ 
rounded by a wonderfully bright light, and the shadow of tho tree was cast 
on the wall on my left, every leaf and twig more distinctly than in the sun¬ 
shine.” Behoving the light to proceed from a window in the house, and per¬ 
ceiving it to come from beyond the house, the observer stepped back a few 
paces to the comer, and was just m time to see a most bnlhunt meteor de¬ 
scending towards the earth. 11 It did not burst or explode m any way, but 
gradually diminished till it became extinct ” The glare of the motoor’s light 
on the ground, already strongly lighted up by the moon, attracted Mr. J. W. 
Proctor’s attention to it when driving north-westwards from Gnmstone 
towards York; and an observer near Carlisle, driving southwards to that 
town from Longtown, describes the meteor’s appearanoe thus:—“ At 8 fc 25 m a 
meteor of most dazzling brightness caught my eye. I saw it first appaienUy in 
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close proximity to the {till moon, which by the 6ide of the meteor appeared 
quite pale. In colour it was not unlike a Homan candle [white or blue]. 
It moved very slowly through the sky, in a direction westwards and down¬ 
wards.” (The direction assumed m the calculations is towards the point iv h 
or 20“ indicated by the hands of a clock, having tho moon at tho centre of 
tho dial.] 

The earth-point of this meteor, as concluded from tho observations by Cap¬ 
tain Tupman, or tho plate where the meteor’s real path prolonged would 
have readied tho ground, is in the neighbourhood of Hcdburgh, a town in the 
extreme noith-weat part of Yorkshire, and not far south-south-oostwords 
from Carlisle. Tho point of disappearance was at a height of only 13 or 14 
miles above tho earth’s surface, not far from Patel y Bridge, "West Biding, 
Yorkshire. Tho distance of this latter point from Wath, near Botherham, 
is about 47 miles, which sound would traverso, with its ordinary speed m air, 
in about 47'. Mr. W. M Burman, who saw and describes tho meteor as it 
appeared at this place, hoard a detonation which, from its close agreement 
with tho calculated time required by tho sound of Ihe moteor’s disruption at 
disappearance to reach him, was probably a distinctly audible sound of its 
explosion. Ho writes*—“The magnificent meteor of Tuesday night, Sept. 
14th, was well seen hero in a cloudless sky at 8 h 28 m (4.H T I was walk¬ 
ing, and the full moon was throwing my shadow on tho wall on my right, 
when suddenly a dazzling light shone around, and my shadow vanished from 
tli© uall Upon looking up, I saw this magnificent meteor slowly careering 
across the sky, quite overpowering the light of the moon. It passed nearly 
ovorhoad, and disappeared in the N.W by AV. It was of a half-moon shape, 
the preceding part boing convex and sharp, tho following part flamo-like and 
flickering, and of a brilliant bluish-whito colour Ho rod tinge was seen 
from first to last, nor tram, nor sparks. Its diameter was about half that 
of the moon. In that dazzling light it was impossible to see any star; but 
soon after it had passed 1 tried to mako out its path*. Its total visibility 
was about 0 scoonds, but I only saw it during 4 or 4\ seconds, as it went 
behind the roof of an adjacent houso; but a fnend (who saw the end of its 
course from a neighbouring place) sAys that it simpl) disappeared, no sparks 
being visible, nor any change of colour. Three and a half minutes after it 
disappeared I heard a sharp and sudden explosion, like the roport of a small 
oannon at a distance, exactly from tho direction that the meteor had takon; 
but whether it had any thing to do with the meteor or not I cannot telL” 
Mr. Burman adds that “ the rumbling of a distant train prevented me from 
hearing, any sound during the passage of the meteor, if any sndh were 
audible;” and it was, in fact, remarked by several who described the meteor, 
that while it was in sight a rushing or hissing sound accompanied its pa*~ 
sage through the air. Passing over these descriptions as improssions of very 
doubtful positive reality, the case of such a sound recorded at York by Mr. 
ProctoT may poifcapa be explained as duo to n real detonation, of wbdoh he 
gives tho following description at that place*—“ I have some imptession that 
it was accompanied or followed by a rushing sound, and a" friond of mine 
thought the same, but amounting to an explosion at a great distance.” In 
a noto of some length in * Nature * (vol. xii. p. 480) on large meteors in t be 

'l 

* Mr. Burman’* position, to nearly under the brightest portion of the meteor’s track, 
may have led to its extreme brightness hiding and overpowering the spark* and duller 
fragment* which, at more distant stations, are said to have attended and followed tho 
peteor w some port of its course as a tram of redder colour than the head. 
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early part of September, 1875, particulars of the appearance of that of 
September 14th as seen at Bradford are extracted from tho ‘Bradford Ob¬ 
server ’ of September 15th, where it is lelatcd that “to a spectator it boro 
the appearance of some solid body in a state of combustion, the sparks Hying 1 
out on all sides, and a track of flame being left after its passage. Its passage 
was accompanied by a noise as of a loud explosion, which was plainly hoard, 
not only by those who were outside, but by persons inside tho houses who 
did not see the aerolite itself. All parties concur m saying that so strong a 
light was cast around that a newspaper could easily bo rend for the Bpaco of 
half a minute/’ 

It should be remarked as a curious coincidence, not unfrequentIy recoulod 
m the accounts of largo meteors, that a companion fireball of the brilliant 
meteor of September llfch was noticed by one observer of its appearance. Mr 
J. J. Allinson, at Lynn, Norfolk, states that “ at 8 h 20 m p.m , the moon 
shining brilliantly in a cloudless and clear sky, I saw vory low down in the 
eastorn heavens a bright meteor of a bluish colom, throe or four times the 
size and two or three -times the brightness of Venus at her largest and 
brightest. Tho bearing was about E. by N , and it seemed moving in a 
northerly direction, but, by its getting larger, to l>o approaching the Bpot 
whore I was standing. I should say it disappeared before reaching tho 
horizon. [There is little doubt, Captain Tupman observes, that this meteor 
belonged to tho same motcor-system as the much larger companion fireball 
by which it was shortly followed J About 4 or 5 minutes afterwards, whilst 
looking in a south-westerly direction, I was attracted by a bright light m the 
north-western sky, and on looking towards that quarter observed a most 
splendid meteor, about tho size and colour of tho first, but much more 
brilliant, descending from near the last star [yf] m the toil of tho Great Boar 
in an almost vertical, but I should say somewhat irregular course.” Of tho 
former of these two fireballs no corresponding observations (as it must have 
been seen over distant ports of the North Sea or over Belgium) from other places 
have hitherto been obtained; but from its central position over tho midland 
and northern counties of England, obseivations of the second extremely bright 
moteor of the pair were recorded abundantly at all stations throughout tho 
oountry, as has been described, from its interest and importance, m the fore¬ 
going paragraphs at considerable longth. 

Both this largo fireball and that which preceded it on Sept. 7th may be 
presumed from these descriptions to have been “ aerolitio " or detonating 
ones; and it is remarkable that they had nearly a common radiant^point, and 
that this point of divergence or real direction of the two meteors’ flights is 
in close agreement with well-established radiant-points of shooting-stars in 
the first half of September, to whiok the observations of Hois and Schmidt, and 
the meteor-shower lists of Greg and Tupman, all agree in assigning vory nearly 
corresponding places and durations. The following Table, p 144 (from the 
i Monthly Notices’ of the Astronomical Society sup* wf.), describes the rosults 
of calculation from observations of these three large meteors; and tho dosing 
words of his communication to tho ‘ Astronomical Register’ (from which tho 
foregoing particulars are extracted) will hero describe tho astronomical deter¬ 
minations obtained by Captain Tupman as regards the actual orbits and the 

f irohable known showers or systems of ordinary shooting-stars to which tho 
ast two detonating fireballs of these three bright September meteors may, in 
all probability, be conjectured to have belonged. 
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Regarding the second, which, like tho lost of these meteors, was probably 
aerolitic, Captain Tupman observes.—“ It had two heads, ono close behind tho 
other, or it divided itself at mid course, the two parts slowly increasing their 
djstanoe apart by retardation of tho hmdermost os they rushed through somo 
50 miles in somothing under 3 seconds of time. This appears to be a proof 
of sensible retardation by the density of tho atmosphere, although its pres¬ 
sure could hardly have exceeded two tentlis of an inch of mercury. Had the 
meteor remained in existence another second it would have fallen into the 
village of Castle Hedingham, 5 miles S.W. of Sudbury Tho heated matter 
left behind it iu tho form of a tail was visible along 10 or 15 miles of its 
path w *. On the resemblance of the orbit of tho last of the three meteors 
to that of the second, the following considerations are also adduced —“ The 
astronomical radiant-poinfc is within 15°, probably within 10° of that of the 
meteor of Sopt. 7th The two meteors were also similar in character, and 
they appear to have movod with nearly equal velocity, something under 20 
miles a second. This part of tho heavens has also been known for many 
years as a radiant-region for shooting-stars at this ponod of tho year. 


“ J>r Hem found for September 
Memo** Qrog and JTorschel, September 
Dr Schmidt, Sept 3-14 
„ Sopt 

Tupman, 1871, Sept 3-10 


343 +10 

344 +JJ 
+ 3 

314 - 3 
340 +13 



+ 0 ’ 


“ The moau of the two found by Schmidt is within 3° of tho Sept. 14 firo- 
ball radiant, and tho mean of the other three is as close to the Sept. 7 
radiant. The old positions, thorefore, recei\e a gonuino and unexpected 
confirmation from these two firoballs, the radiants obtainod for which are 
certainly quite as accurate as the others, and merit being classed os new 
determinations ” 

An interesting notice (as observed above) of the remarkable fireballs of tho 
first two weeks in September appeared in * Nature ’ of Sept. 23rd, 1875 (vol. 
xii. p. 400), in tho coutso of whioh somo particulars similar to those related 
abovo of tho appearances of these splendid meteors are described. 

Among tho few accurate descriptions which wero obtained of the large 
daylight fireball of the 22nd of Decombor, 1875, the accounts of its appear¬ 
ance by observers at Dorking, at Southampton, and near Ware are included 
in the list of large meteore accompanying this Report. The following obser¬ 
vation of it by Mr. T. W. Webb (‘Nature,’ vol. xn. p. 187) furnishes some 
further extremely valuable notes of its apparent course. 


* It should be observed that m his investigations of the stonefall of Fultuak (.Tan. 30, 
186S) it was shown by Cfalle that the area upon which the stones fell was vertically below 
the point of the fireball’s disappearance (twenty mile* above tho earth), and not, as might 
have been anticipated, in the lino of the meteor’s obliquely descending course prolonged 
onwards from that point to meet the earth’* surface A drawing of the fireball of Sep¬ 
tember 7. 187fi, from a sketch at the time, w« recently communicated to tho Committee 
by Mr, H Oorder, representing bis view of the meteor in the end part of its course, which 
he observed After a bright disruption into se\era] pieces (scon by other observers), 
two large nuclei were visible, not following eaoli other, but moving side by side, equally 
bright and tapering, and one of them about half a length m advance of tho other, with 
a clear interval of about one diameter of each between them A very small fragment 
was also visible, which disappeared quickly, while the two heads continued their course, 
with scarcely any changes of brightness or of relative position, from near a Andromodss to 
near X Fersei, where they died out rather suddenly, leaving no streaks, almost together 
The sound came from the S Ut, where the meteor burst, not from the east, where it diedaway, 
and persons who saw it before the disruption said that the meteor was then a single body. 



148 


RMOBT— 1870* 


Hay, B. Wale*.—“ Dec. 22. As our servants were sitting at dinner by the 
kitchen windbw, two of them were Btartled by the sudden appearanoe of a 
brilliant meteor, apparently descending in the east, with a little inclination 
to north. It was not so large as the moon, but muoh larger thftn Saturn or 
Mars; white and kke lightning, with a very quick course, leaving a tram as 
broad as itself^ and preserving its full sue till lost behind the top of an oak 
tree at a Little distance, whose branches, though leafless, seem to have con¬ 
cealed it from view. The noxt day I found, by means of a compass and 
joined ruler, that its azimuth was K. by N., its inclination towards north 
about 10°; the upper window-frame, where it probably oame in sight, 48°, 
and the top of the tree about 18° above the horizon. 1 havo not as yet 
heard of any other observation of this remarkable meteor. The position of 
Hardwicks Vicarage, wheie it was seen, according to the Ordnanoe Map is 
long. W. 3° 4' 23", lat. N. 52° 5' 20". 1 ” 

A comparison of this account with the observation at Braughing by Mr. 
Daw affords a rough determination of the real path and dircotion and of the 
probable place and altitude of this unusually bright meteor’s course above 
the earth’s surface, but owing to the absence of estimates of the duration of 
its flight, no probable valuo of tbo meteor’s real velocity can be assigned. 
The oourso of this daylight meteor appears to have been from about 46 miles 
above the southern part of Warwickshiio to about 15 miles above tho centre 
of Northamptonshire, disappearing about 60 miles from Mr. Daw's position 
near Ware, in Herts, where he states that no sound of an explosion fol¬ 
lowing its appearance could be perceived. The direction of its flight was 
from a radiant-point at about K A. 260°, N decl. 20° (near /3 Horculis), distant 
about 45° above and westward from the appaient placo of tho mid-winter 
sun, which was shining brightly above the southern horizon when the meteor 
came in sight*. 

The bright meteor seen in twilight on April I6th, 1876, at Bristol and 
Hawkhurst (see the accompanying flreball-list), must have passed over Ire¬ 
land or the Irish Channel far west from Bristol, as the position of its Apparent 
path there, near the setting planet Venus, differed very little from tho simi¬ 
lar account of its apparent path m Kent. The position of its radiant-point 
cannot havo been the usual one in Virgo (about 196°, j-0) m the early part of 
April, as its reoorded path at Bristol, prolonged backwards nearly parallel to 
the ecliptic, orosece tho constellation Virgo about 20° south of tho equator ih 
the neighbourhood of this position, proceeding from the direction of a region 
where no well-established radiant-pomt of ordinary shooting-stam has hitherto 
been observed. 

The next large meteor, of which many contemporaneous observations were 
communicated to the Committco, some of which hare also appeared ih the 
daily newspapers, was that of July 25, 187G, about 10 h 5 W p.ir. Several ac¬ 
counts of this fireball are contained m the list of large meteors accompanying 
this Report. It resembled the fireball of September I4th, 1875* in appearanoe 
excepting that a decided green hue of the nucleus was observed, and a Some¬ 
what more voluminous train of rod sparks and fragments appears to hart 
followed the head. The light which it cast was not so intense as that of the 
fireball of September 14, and no sound of a detonation is related to hart 
been perceived. The radiant-point of this large fireball was near An tares t 
but, owing to it* rtoeht appearanoe, the descriptions of it hitherto ooUeoted 

* 1 Monthly Notit**’ of the Royal Agronomical Society, t xA. rari. p 217. Mh BaVi 
plsfee of observation, given m (< Brangting " In that nnronnt, whould hnye bean Bmoghirig, 
near Ware, in Herts 
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have not been submitted to exact calculation, although some of those recorded 
in the present lilt are sufficient to determine with considerable accuracy its 
real path. 

From the following descriptions it appears probable that a companion 
meteor may also have been visible, corresponding nearly in the Inne of its 

r amnce with the principal large fireball whioh was generally observed. 

John Lane, whose very exact observation of the meteor at Poplar, 
London, is included in the list, remarks:—“ It appoars to mo there must 
have been two meteors seen near the same time, one sear-green and very lurgo 
[the meteor ot 10 h 6 w p.m , July 25], the other puiplo and somewhat smaller. 
The clear observation and description given by ^tr. H. Pratt from Brighton I 
cannot harmonise with my own, whilo some others agree very well with it. 
My results are that it began vertically over a point in \V. long. 1°, N lat. 
50° 10', and ended over \V. long. 2° 15', N. lat 61° 43', at an elevation of 
about 34 miles Distance travelled in relation to the oarth 120 miles, in the 
orbit of tho meteor 170 miles. Actual diameter about 500 yards.” 

The following duplicate observation of n shooting-star from tho direction 
of a Lyr© on the date of tins largo mctooi’s appearance was obtained (as the 
Committee was informed by Mr. Denning) from a oompanson of his own ob¬ 
servations at Bristol with those made by Mr. Clark on that dutu at Street, 
near Glastonbury, about 20 miles south-south-westwards from his point of 
observation. 


Ashley Down,Bristol 
(VV. F Denning) 

Street, near Glaston¬ 
bury, Somerset- 
ibir« (i. E, Clark) 


1878, 

“ 1 st 

1 Rapid, Biult. 

From 270°,-4-4° 

July 25, 
10* 5T) m r u 

mag. 

etiir 

| near a Lyric 

to 276°,-5° 

18T0, 

— 1 st 

1 H sco Direc¬ 

From 280°, + 22° 

July 25, 
10 * 55 m p Ut 

mag 

etui* 

ted straight j 
from Vega. 

to 280°, ± 0 ° 


9° length 
of path 

22°lerfgth 
of pain 


Another large fireball, apparently a Perseid, was very generally seen and 
recorded m the southern counties of England at about ll h 23 m r m. on tho 
11th of August, 1878, several descriptions of which arc included in tho 
accompanying fireball list. Of this bright meteor (which had a long courao 
and potweased great illuminating power, and which left a pcrsiBtont streak 
viaible for about a minute, becoming curved or serpentine beforo it dis¬ 
appeared) the real path derivable from the observations hitherto collected has 
not yet been computed from the few exact observations of it which havo been 
preserved, But of this fireball, and of an equally bright one which appeared 
at about 0 h 28“ p.m. on August 35, sufficiently abundant materials exist to 
enable their real heights and tho true radiant-points or meteor-system b to 
which they must have belonged to be satisfactorily ascertained. As regards 
their brightness and appcaranco, some observations not contained in the 
above lilt are here subjoined, for which tho Committee is indebted to the 
active correspondence and communications of Mr. Denning respecting the 
several bright meteors which have bcon visible m quick Biioceasion during 
the put month of August. 

Keynaham, near Bristol (Mr. H. Marks).—On tho 11th of August (1878) 
I wai watting along a valley from about 10 h 45" to 11* 15" jmi* [the time is 
a rough approximation], when all at once—1 did not notice the star there 
before —m exceedingly bright itar shot from about N*E. dose to tho horiioit 
to S.Wt» leaving a tail 1 should lay about halfway acrosi the heaven, 
gradually disappearing, but not entirely gone, I should think, for 5 minutes* 
The Itar appeared about the sire of a coeoanut, end caused a grand illumi- 
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nation, 80 much like summer lightning that a friend whom I met afterwards 
walking in the opposite direction, and who had not seen the star, asked me if 
I saw the lightning, when I pointod out what it was, and showed him the 
tail A similar one appeared in about 10 minutes, but not quite so bright, 
taking its courso from a little nearer north, and stopping a little nearer south 
Both of these stars were larger and brighter than any I over saw before, and 
they increased twofold in size and brightness as they went ” A sketch is 
annexed showing tho oonrses of the meteors Nos 1 and 2, the first from 
about NE by N to 8 W by 8, and the socond on a course from about 
N N E to SbW, both tracks oxtcndmg between points at no very great 
altitude and at nearly equal apparent elevations above tho horizon in those 
directions It appears probable that both of these largo meteors were Per- 
soids of considerable brightness, of which the first, however (at about 11* 23 m , 
as observed olsewhoie), left the most conspicuous and long-enduring light- 
streak on its course 

Meteor of August 15th, 1870, about 9* 30 m p u , Bath (Mr W Bush) — 
“ On the above evening I took a seat in my garden at about 9* 45“ P H 
at the bock of the house, whioh faces the south-west I had scarcely been 
soated more than a minute, when I behold an exceedingly brilliant meteor 
of a bluish colour, hav mg a very long white train It was the second largest 
meteor I have over soon It was at first peiceptiblo to me on the eastern 
extremity of Ursa Major, but a little nearer tho honzon, I should say at an 
apparent altitude of about 45° It travollod somewhat obliquely downwards 
from north-east to south-west, and it finally disappeared behind some houses 
In its transit, which occupied several Boconds, it passed behind a cloud, 
and emerging from thence was again equally brilliant 99 [The duration givqn 
is SO or 30 seconds, but this cannot bo regarded as more than a very rough 
estimation of tho real duration of tho meteor's flight The point of flret 
appearance described is between Arcturus and the tail-stars of Ursa Major, 
which were on its left, or “ eastern extremity ” (practically), in tho observer’s 
situation facing the south-west ] 

Tho account of this me tool’s appearance by Lieut H de H Haigh at Penn 
Ilthon, Newtown, m Wales (other particulars of his description being given 
in tho above list), was as follows —“ At first it appeared larger, but not much 
more brilliant, than an ordinary shooting-star but it rapidly changed colour 
from light jellow to red, and finally to a dazzling white resembling the 
magnesium light, but far more intense, at the same time giving off volumes 
of smoke, which trailed behind it like the tail of a comot Its light about 
the middle of its course was so brilliant that one could have read by it 99 

At Pontardawe, Swansea, it is described as the largest meteor ever seen 
in the district, falling in the noith, and illuminating the oountry for mile* 
around 

At St Clear’s, near Caermarthen, a splendid meteor, with a light like 
that of daylight, moved rapidly “ eastward,” followed by a train of most 
brilliant hues—green, orange, onroson, and violet It lasted for about eight 
seoonds Mr J P Norns, at Bristol, wrote —A splendid meteor has this 
moment fallen due west of this house It first appeared in the neighbour* 
hood of Arcturus, then seemed to burst and trail light of rainbow colours, 
and was visible nearly to the honzon slanting towards the north. Its 
distance cannot have been great, for we saw it for two thirds of its courso 
against a dark cloud It may therefore have fallen In the neighbourhood of 
Clevedon ” 

The direction of tho meteor’s motion m these accounts, its long dura* 
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tion, and the absence of a persistent light-streak on its course, proves it 
not to have been a Perscid, and the radiant was found by Hr. Denning, from 
other descriptions of its apparent course, to hnvo been m the constellation 
Aquila. A similar optical illusion to that described by Mr. Nome, of the 
fireball appearing to be projected on a background of dark cloud during a 
part of its course, was noticed by an observer of tho largo fireball of Sep¬ 
tember 14th, 1875, at Faringdon, Berks, Mr. W. Dundos, who writes that M tho 
sky above was cloudless; but shortly boforo I lost sight of it some heavy 
clouds low in the sky (and before and after invisible) were brightly displayed 
as it passed them. To me it seemed at the time as if tho meteor passed 
between me and thorn, and that tho light on them was reflected, not trans¬ 
mitted. Of course, if tho meteor was scon also at Bath it could not bo so; 
but it sufferod no visible diminution of brilliancy while passing theso 
clouds ” *. 

An observer of the same meteor (August 15, 0.30 r m.), at Cirencester, 
describes it as very magnificent, “ passing slowly across the north-western 
heavens, about midway between Arcturus and the horizon. Tho colour was 
a vivid pale greon , it left a greenish wake behind it, and burst with brilliant 
scintillations of whiter light ” 

II. Larg£ Heteobs, 

1876, June 15, about 8 h 5 m or 8 h 15 m p.m. local time, Suez, and several 
stations on tho Grand CanaL—In the * Comptos Bendus,* vol. lxxxiii p. 28, 
a number of accounts from the station-masters at many places on the Suez 
Canal, from Suez to Rouvillo Simsah and llaz-cl-beh, aro reported by H. 
Le8seps of a very large detonating moteor which appeared at the above time. 
At the two latter places no sound of a detonation is described; but the 
meteor waa extremoly bright, bursting at last like a rocket, and moving in 
the south-east from west to cast. This was also the direction of its motion 
at tho midway station El-Ferdan, where its light was dazzling, its dura¬ 
tion was three seconds, and a detonation followed it like distant thunder. 
The detonation was most violent at tho 44 deversoir” where the moteor like a 
mass of white light moved from south to north, apparently approaching, 
and left in the zenith after its disappearance a comet-like cloud of light 
viaible for several seconds (a perfectly similar appearance of tho meteor waa 
observed at Raineses). Almost immediately after its disappearance, a noise 
like that of thunder and detonations, which were for an instant terrifying, 
were heard. At the station of Kabrct the meteor, intensely bright and 
lasting three seconds, was seen to burst like a rocket, and was immediately 
followed by a thunder-like report. At one of the southernmost stations the 
meteor seemed to fall in the neighbourhood, descending like a fiery dart, 
which burst at last, and sounds like distant cannons followed two minutes 
after its disappearance. At ,Suez the meteor illuminated the horizon bril¬ 
liantly for a few seconds. 

1876, July 8, about 8 h 55“ r.ic, (local time), Indiana, U.8.—The following 
letter from Prof. D. Kirkwood appeared in the 4 Now York Tribune' of 
July 19,1878, describing the appearance of a very brilliant fireball in the 
State of Indiana, U.S., on the above date, leaving a streak of light of unusual 
duration on its track;— 

11 Sir,—A meteor of extraordinary brilliancy was visible in all parts of 
* 4 Astronomical Register 1 for April 1870 f Appendix, p. 11 
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Indiana on Saturday evening, July 8, about five minutes before ff o’clock. 
Observations of the phenomenon have been reported from Faoli, Bloomington, 
ludianopolw, Elkhart, and various other points—the distance apart of tho 
first and last-named localities being over 270 miles. Mr. W. Hollings¬ 
worth, of Pftoli, says, ‘ Spectators agreo in giving it a path from N.E. to 
N.W., with an altitude of at first 20°, and disappearing bolow the horizon. 
One careful observer states that tho streak of light following remained visible 
more than 40 minutes of time, and all agroo in ascribing a diameter of one 
fourth to one third of a degree 9 At Indianopolis, according to the ‘ Daily 
Journal’ of July 10, tho meteor appoared ‘in the constellation Cassiopeia at 
a point about 25° above the horizon, whence it proceeded in a right line to 
tho north-wost, and passed over au aro of about 30°, and vanished in apaoo 
10° above the horizon * 

“According to the observations at Pnoli and Indianopolis, the meteor 
became visiblo at an elevation of 130 miles above the eaith’s surface. It is 
to be regretted that sufficient data have not been furnished for determining 
its height at disappearance, the length of its visible track, and the eocentnoity 
of its orbit.” 


Ill Periodic Star-Shqwerb, 1873-70. 


With the exception of tho annual reappearances of tho Porsoids, (hero havo 
been no marked occurrences of periodio star-showers during tho past year. 
The few partioulaia relating to them which havo been received will bo 
described below ; and the following details refer chiefly to tho display of 
Porseids m 1873 observed on tho continent, accounts of which in England, 
as described in tho lost Report, were obtained at a few stations only, owing 
to the stormy weather that provailed on the principal periodic nights. 


Star-Showei of August 0th- 11 th , 1875: Observations by the French Scientific 
Association (‘ CompteS Rendus,’ vol lxxxi p. 439, Beptember 6th, 1876),— 
Report on tho shower m Bwitzcrland and elsewhere, by Dr. O. Wolr, of 
Zdrioh. At Rochefort, Messrs. 8imon and Courbebaisse oounted, on tho average 
of the whole time of their combined watch during tho night of tho 10th of 
August, 183 meteors per hour. At Avignon 858 meteors wore mapped in the 
sumo night between the hours of 8.35 p.k. and 3 b 40" a.m. by M. GHraud, 
assisted by several observers. At Lisbon, M. Capello noted at the Observa¬ 
tory of ‘ Plnfant Don Louis' what appeared to be a maximum reappearance 
of the shower, 1227 meteors being oounted during the watch on the night 
of August 10th. Dotails of the shower and of the radiant-points distin¬ 
guished m it were also received from M. Tisserand at Toulouse and from the 
Observatory at Marseilles. 

Prof. Tacchini obtained at Palermo a number of distinct centres of radia¬ 
tion of the shower, of which the following is a list; and he remarks that all 
these definite centres, when projected on a map, are inbludad, hp has 
already formerly observed, in a narrow elongated area. 


? 1875 
Aug. Oth. 




+546 


f 4 3 
I 44 
144 


3 +50 8 
+61-2 


Aug, 

30th 


fl» 

4 § 2 +sio 
410 +56-7 
41-7 +645 


a-* £= 


42*7 

45*1 


+51*3 

+B$*0 




i 4lo +<$0 
930 +66 8 
417 +6M 
44? +610 


*&)«•» +«M 


Aui 

1!' 


Average of all the above wbrtdianl positions 49° 72, +58 A *21, 
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At Dijon radiant-positions were also observed by Abbd Lamey, -who noted 
tho mean place of the principal radiant for all the nights at It.A. 37°, N. 
Decl. 45° (A), and rocorded also the following general centres of showers 
whioh appeared to accompany the display *—at E.A, 320M, S. Decl. 1°'8 (B), 
and R.A. 331°, Decl. 0°. 

At Bordeaux, M. Lespiault noticed the existence of soveral secondary 
radiant-points m or near the constellation Cassiopeia. 

Notes of an abundant shower wore also recoived from Rouen, Sain to 
Honorino du Pay, and from Courtenay, whero M. Corun obsorved a remark¬ 
able light-cloud, or band of light, stretching with blunted terminations to 
a full length of 120°, and moving eastward, whioh he conjectures may have 
had some oonnoxion with tho display. 

In addition to these observations collected and published in France under 
M. Le Yemer's superintendence, M. Ernest Quetelefc communicated to tho 
Belgian Academy of Sciences # an account of the August meteor observations 
piade at the Royal Observatory at Brussels, and tho following numbers of 
meteors were observed:— 


Alight 0th, August 10th, 

10Ml h 0 h 55 ra -lO h 55“, ll h 45”M2* 4 b m 
(much cirrus) (some cloud#) (quite clear) 

No of meteor# 10 31 69 

seen. (3 observers) (3 observer#) 


August 11th, 
D 1 * 50“ 10 h 50*° 
(clear) 


34 

(2 observers) 


Do. m order of) 
hrightnett(de- I 

acendwg from > 3,5, 7, 1, 0, 0. 
1st toftth mag¬ 
nitude), -* 


33, 17, 34, 15, 8, 0. 


Total# . 18, 28, 51, 24,15,1 


2, 0, 10, 8, 7, 1. 


The largest meteor of the shower, atll b 15 m (Brussels time), on tho 10th, ex¬ 
ceeded Jupiter in brightness, and left a persistent streak visible for 20 seconds, 
whioh disappeared without presenting any indications of rapid currents in tho 
upper atmosphere. Although a pretty bright display, this annual return of 
the August meteors was yot not so remarkable as to distinguish it as an excep¬ 
tionally great reappearance of the shower. 

At Cheadle, in England t, a very similar view of the Bhower, confirming 
its marked but not very extraordinary intensity, was obtained by Mr. G. T. 
Byves, whose observations of tho Perseida in 1871, communicated to the 
Committee by Mr Symons, as follows, must have enabled him to make a fair 
comparison between the abundance of tho meteors seen ott this and on that 
earlier occasion .— u Took up a station at the top of the Wrekin with a party 
of friends for the purpose of observing the periodio display of meteors, 
Aug. 10th, 1871. Counted about 70 between 9* 30“and ll h 30“ pjc., nearly 
all m the neighbourhood of the constellations of Perseus and Oepheus; nono 
very remarkable. A largor number seen on our way homo from 11* 30“ p.k. 
to 3* 15* a and of larger size, but not counted. One very brilliant one [see 
the fireball-list in this Report], about 0* 33“ a .if., lighting up the country/’ 


Bulletin* d* VAcad. B. dee Sciences de Belgique, 2* eArie, tome 89,1376. 
*Astamomiosl Register/ 1876, p 999. Erratum.— 1 The position of the radiant-point 
> Pereeid* in 1874 assigned by Mr, W. F. Denning at Bristol, in the * Astronomical 
ter ’ of 8ept 1874, “ bewteen B, C Camelopard! and x Pertetf, at RJt. 8* 65®, D. 58° 
BT..” m at RX 44°> 1)601 ; not, u misprinted m these Reports (for 1875, 

18\ at RX 39°, R. DAeL 58°*5. * 
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October , November , and December Star-Showa s, 1875—Of the annual 
meteor showers in October and December no observations have been received 
The stato ot the sky was unfavourable for eontmued observations on the 
ponodio dates, and in the intervals of cloudless hours dovoted at some sta- 
iions to a watch the preparations for recording tho Onomds and Geminids 
in 1875 weie unsuccessful, these showers being apparently absent on tho 
expected dates At btonyhurst Observatory a mcteor-watch was kept on the 
mornings of November 12th and 15th, and also at tho Kojal Observatory, 
Greenwich, on the latter morning, with favourable conditions of the sky, but 
m bright moonlight* In 2£ or 3 hours before daybreak on the first 
morning eight meteors were mapped at Stonyhurst College, two or three of 
which woro Leonids, threo Tuunds, and the rest apparently sporadic 
Twenty four meteors at Stonyhurst and twenty six meteors at Greenwich 
were mapped in 3£ or 4 hours of generally clear sky on the morning of the 
15th, of whioh ten or twelve meteors noted at each place were Leonids, and 
the rest wero either iaunds or were directed from less certainly determined 
radiant-points On tho intervening mornings of tho 13th and 14th tho sky 
was either wholly or almost entirely overcast 

The Geminids of December 11-13, 1875, woro watched for in England 
without success on account of cloudy skies, and oqnally unfavourable con¬ 
ditions prevented any satisfactory obseivations of tho meteors of tho lst-2nd 
of Januarj 1876, from being modo But tho night of January 1st proving 
cloai at Sunderland, Mr Backhouse saw two meteors, nnconformablo, on that 
evening, in a few minutes’ watch, and towards five o clock on tho morning of 
the 2nd of January two othois in 15 minutes, which were oonformable to the 
radiant-point of tho annual shower On tho following morning also, at about 
2 h a m , Mr Backhouse noted ono meteor only in a watch of 23 minutes, 
when the sky, which had been overcast before, cleared partially, and it was 
conformable to tho radiant-point of the shower 

The following notico of some shooting-stars seen by the expedition under 
Captain Parry m the Arctic seas occurs in the narrative of his third voyage 
(p 04), rotating the events of the winter at Port Bowen in the year 1824, 
and it appears to indicate an appearance of the Gcmimds with considerable 
brightness in December of that year , but tho description includes meteors 
from other radiants as well as a particularly bright ono directed exactly 
from tho radiant in Gemini of the annual shower The changes of the 
weather which accompanied those appearances being regarded by Captain 
Parry as in somo intimate manner conneoted with the apparition of the 
meteors, aro described in full detail, but except to observe that the meteors 
seen appear to have been as exceptionally remarkable as the sudden changes 
of tho weather with which they were presumed to be associated, the notable 
features of the wind and weather which are stated m the original account to 
have accompanied them need not here be reproduced at length, but only 
the passagos of the narrative may be transcribed in whioh tho apparent patbis 
and appearances of the meteors seen were recorded with careful accuracy and 
completeness Tho particulars of a few meteors thus successfully preserved 
will doubtloss be held by navigators and explorers as offering them a use¬ 
ful example for repeating wherever practicable, and making known in 
future to the best of their information, such highly valuable observations. 
u The meteors called felling stars were much more frequent during this 
winter than we ever before saw them, and particularly during the month 

* ‘ Monthly Notice* of the Astronomical Society,' rol xrrri pp 83 and 272 (December 
187B slid Mweb 1870) S 
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of December [1824]. On the 8th, at 7| h p.m., a large and pretty brilliant 
meteor of this kind fell in the S.S.W. On the following day, betwoen 
4 h and 5 h p k., another, very brilliant, was observed in tho N , falling from 
an altitude of about 35° till lost behind tho land. On the 12th no less 
than 5 meteors of this kind were observed in a quarter of an hour, . . 

tho account furnished me by Mr. Boss, who with Mr Bell obseivod the 

phenomena [.was] as follows --At ll h 15 m my attention was 

directed by Mr. Bell to some motcors which ho had observed, and in less 
than a quarter of an hour fivo were seen The two first, noticod only by 
Mr. Bell, fell m quick succession, probably not more than two minutes apart, 
tho third appeared about eight minutes after these, and exceeded in bril¬ 
liancy any of the surrounding stars. It took a direction from uoar ft Taun, 
and passing slowly towards the Pleiades left behind it sparks liko the tail of 
a rocket, these being visible for a few soconds after tbo meteor appeared to 
burst, which it did close to tho Pleiades [the direction of this meteor is 
exactly from the radiant-point r Gominorum, close behind it, of tho Geminids 
of December 12thJ Tho fourth meteor mado its appearuneo very near the 
same place as tho lost, and about 5 m after it Taking tho course of those seen 
by Mr. Bell, it passed to tho eastward, and disappeared halfway between 
ft Taun and Gemini. The fifth of these meteors was seen to tho eastward, 
passing through a space of about 5° from north to south, parallel to the 
horixon, and moving along the upper part of tho cloud htue which still 
extended to tho altitude of 5° or 6°. It was more dim than tho rest, and of 
a red oolour hko Aldobaran. Tho third of these meteors was the only one 
that left a tail behind it as above desenbed. Thero was a faint appearance 
of aurora to the westward, near the horizon ” [With the exception of the 
third of these five meteors, the radiants from which they wore direotod aro 
undetermined, and appear to have had no connexion with that of the annual 
meteor-shower in Gemini ] 

The April Meteors in 187<3.—No intimations of the appeaTamo of tho 
Lyraids on the nights of April 18th-20th, 1876, have reached the Committee, 
probably owing to the very unfavourable woathor for observation which pro- 
vailed. This year being a leap-year, the occurrence of tho shower might bo 
expected to be a day earlior than on ordinary years (Apnl 19th-20th) ; and 
the following letter in 4 Nature 9 (vol. xiv. p. 26) from Professor Kirkwood, 
of Bloomington, Ind., probably describes a considerable appantion of those 
meteors in the United States on tho expected meteoric date. 

“Between 10 and 12 o'clock on tho mght of Apnl 18th, Mr. W. L. 
Taylor, a member of the Junior Class in tho Stato University, with several 
other gentlemen, observed an unusual number of shooting-stars Theso 
gentlemen were returning in an open waggon from Flletsvdle, eight miles 
north of Bloomington. No count was kept of the number of meteors observed, 
but the appearance was so frequent as to attract tho attention of all the com¬ 
pany. Mr. Taylor thinks the number noticed cannot have been less than 
twelve or fifteen. From the descriptions given of the meteor-traoks, I find 
that they were nearly conformable to tho radiant of the Lyraids. The 
meteors were remarkably brilliant, apparently equal to stars of tho first or 
second magnitude. At my request, Mr. Benjamin Vail, a student of the Uni¬ 
versity, mode observation s on the nights of tho 19th and 20th of ApriL 
Both nights were so cloudy, however, that a continuous watch would have 
been useless. About 11 o’dook on the night of the 19th three meteors 
were seen in the north-west, where the sky at tho time was partially clear” 

The August Meteors in 1876. — A large list of observations of the Perseids, 
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in 1876, has been communicated to the Committee by observers at Birming¬ 
ham, Bristol, Buntingford (Herts), Hawkhurst (Kent), Sunderland, and York; 
and the past year’s list of meteor observations at the Radchffe Observatory, 
Oxford, contains very numerous observations on the meteors of the shower. 
The stato of the Bky was generally very favourable for observations (although 
the moon bad passed its first quarter during the second week in August), and 
tho number of observations is rather aeci ibable to this cause than to any 
great intensity of the shower which was observed. The maximum hourly 
frequency of the meteors noted by one observer at any tupe during the watch 
scarcely exoeeded twentj-fivo or thirty meteors per hour, of which flvo or six 
were unoonforwablo and the rest Perse ids, and the latter were not oon- 
ipiouous iu brightness or in leaving very persistent streaks. A few large 
Perseids were recorded, details of the brightest of which (on the 11th at 
11* 22 m y and on tho 13th at 9 h 27 ln ) are moluded in the descriptions of 
large meteors given in tho foregoing list. Tho maximum frequency of the 
meteors took place during the night of tho 10th to 11th of August, when 
pne observer might count from 25 to 30 Perseids in an hour ; but the number 
visible on the nights of tho 0th and 11th wero much less than this, and not 
more than 15 or 20 Perseids could be noted in tho same time. Their radia¬ 
tion was in general accurate, and the oentre of divergence of the recorded 
paths was not far from tho usual position of the radiant-point of the shower 
near rj Person Tho number of unconformable meteors visible during tho 
period of the annual watch was about 8 or 8 per hour, and more than 80 of 
their paths were mapped. Tho radiant-points which they indicate are very 
numerous, their tracks belonging, with very little apparent ascendancy of 
any particular showor, to almost all those known to be m activity during tho 
time of continuance of tho August shower. Several accordances of meteors 
simultaneously observed at distant places, besides those of large meteors above 
mentioned, are contained in tho observations; and of these and of other points 
of speoial interest in the several descriptions tho Committee trust to oom- 
munieate the details, and an account of the results of a complete disoussipn 
which they are at present undergoing, in another year’s Report, 

The annexed extract from the * English Mechanic 9 of September 8,1878, 
contains, besides some observations on the shower, a notice of a large Perspid 
of which some other exact observations are described (at p. 134) in the general 
fireball list of this Report t— 

4 * August Meteors .—The following note of the August meteors as seen from 
this place may interest some of your readers, On tho night of the }0th> 
between 9 h 15*" and 1* 15*, 134 were observed. Of those seen before mid¬ 
night the greater portion appeared to have a radiant-point in Cassiopeia! but 
those seen afterwards came from the cluster \ Persei. The numbers observed 
during this month are as follows:— 

Date, 1676, August. 0th, 10th, 11th, 12th, J8fch, 27th, 

Metepri observed. 21 134 25 8 }3 12 

One of the meteors seep on the 13th deserves special mention. It appeared 
at about 9* 27*, os nearly as I could judge, in semidarkness, moving ip a line 
fyom v Pewoi, and passing with a rapid motion aoross a small star distant 
*b<mt o0' (miputes of arcT vertically over l Urs© Maoris. It was as bright 
as Yenus, an£ it left a tail for 4 or 5 seoon^.—J. pAmirxi*,, Folkestone,” 
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Special Catalogue* and General Comparative Lists of Meteor-Showers, 

Aa tho scattered lists of metoor radiant-points, or general centres of diver¬ 
gence of shooting-stars, on ordinary nights of the year are at present, from 
the dispersed materials and limited accessibility of such catalogues, most unser¬ 
viceable for tho use of observers, the attempt whioh has during the past year 
been made by Mr .Greg to prosent a carefully condensed and revised collection 
of all such observations in a single comprehensive list will bo recognised by 
assiduous recorders of shooting-stars as affording them an invaluable fund of 
useful information on tho previously ascertained positions of all the best 
known and host determined radiant-points of such probably distinct showors 
or meteor-systems as they may meet with in their observations. With a 
View to grouping now observations of the places and durations of shower-apioes 
under the best-established average dates and directions of the hitherto known 
oontrea of divergence of ordinary shooting-stars, Mr. Greg compiled last year 
a valuable condensed list of meteor-showers from all the published catalogues 
and observations accessible to him, including all the older and all the most 
recently recorded showers of the northern or southern hemispheres visible in 
the latitude of Greenwich. A single chart illustrating the list was at 
tho samo time drawn by Mr. Greg, and it was the intention of the Com* 
mittee to have printed and issued this catalogue and map, together with 
an introduction containing directions for their use, in the form of a separate 
pamphlet during the past year to assist observers ; but the additional 
matter sought to be included with it in the pamphlet being yet unfinished, 
and the necessity felt by observers for a full and correct liBt of the known 
average centres of radiation of ordinary Bhooting-stars being one of the 
most urgont and important of the requirements which it has been the object 
of the Committee during the past year to supply, the course which it has 
appeared to them most desirable to adopt (the first stage of the projected 
compilation having thus far been oompleted) is to present Mr, Greg’s Cata¬ 
logue and Map (which hero follow) in this Report, aa a useful companion 
to observers for reference and guidanoe in rocordmg appearances of meteor- 
showers. Tho reference-numbers of the list ooinoido with those of Mr. Greg’s 
earlier list (contained in the volume for 1874 of those Reports), with some 
rearrangements and with considerable additions (from the last No., 187, of 
tho earlier list *) to embraoe now showers. By consulting the earlier list, 
references more or leas complete will be found to all the original observations 
of these meteor-showers j and with the assistance of the key-map a ready 
and oonveniont, and for the moat part perfoot, means is thus afforded of de¬ 
termining the degree of importance or the possible distinctness of a newly 
observed meteor radiant-point from any previously known observations of 
meteor-showers resembling it which may already have been elsewhere 
recorded. 

* Xu fch# new entries seme numbers temporarily aligned last year (thess Reports for 
1870; p. 228) to new showtrs there for the first time pointed out are not uniformly 
adhered to in the following list^ which is condensed and extended throughout, directly 
fart the last similar oornplets comparative Ust of ths year 1874. 
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IV. Aerolites. 

Several falls of meteorites (one of them of much importance) have recently 
occurred, detailed accounts of which, and of recent researches on derolitcs 
and on aerohtio meteors, have been collected dunug the past year by Dr. 
Plight, and form in this Appendix (see Part II.) a continuation of the similar 
abstracts contained in last year’s Report. 


Part I .—A Review of recent Stonefalls and of Pape th relating to Meteorites* 

By A. 8 Hfrsciiel. 

Tho following falls of meteorites have boon placed on record since the date 
of the last of those which were there described .— 

a n. 1814, — — Gurramconda, near Chittoor, North Arcot, Madras, 

India. 

„ 1875, Sept 14, 4 h p.m. Supino, circ. Prosinone, Italy. 

,, 1870, Apr. 20, 3 h 40 m p.m. Row ton, near Wellington, Salop, England 
(Ironfall). 

t , 1870, Juno 28, ll h -12 h a.m. Stalldalen, Dalecarlia, Sweden. (See ac¬ 
count of this aerolite at tho end of this Appendix.) 

The following descriptions ha\o also boon given of meteoric appearances, 
presumably ae rob tic, of which no further corroborations have hitherto bocn 
received. 

1875, Feb 10th, Isle d’Olt'rou, and March 9th, Orleans, Franco. (See 
these Reports, vol, for 1875, p. 200 ) In the French weekly scientific 
journal ‘ Lea Mondos/ vol. xxxvi. p. 458 (March 25th, 1875), those meteors 
are described as falls of aerolites. It appears probable from this description 
that they were detonating fireballs; but of this, and of their possible aerolitic 
characters, no other evidence has been produced of which the Committee has 
yet received intelligence. 

The following notice of largo meteors soon in America in December and 
January last, by Mr. C. W. InBh, of Iowa City, U.S., although affirming them 
to have both been of tho detonating class, does not distinctly pronounce them 
to have been acoompaniod by falls of aerolites ; but one at least of these fire¬ 
balls produced a very loud explosion. " In the laBt week (tho 27th) of 
Docembcr, 1875, at 9 s p m , and also in tho first week of January, 1870, large 
meteors traversed tho air near tho south boundary of this (Ipwa) State. One 
passed near Ringold Co., south-easterly ; the othor passod ovor St. Joseph, in 
the State of Missouri, travelling eastwards ; and both came to tho earth, I 
think, very brilliant and noisy. It is stated, in the ‘Kansas Chief* of 
December 30th, that after a lapse of 2 minutes after tho disappearance of 
the meteor of the 27th, a sound like the discharge of a heavy cannon was 
heard, or rather one loud explosion followed by a lighter one. It jarred houses 
and rattled windows.” 

From the ‘ Scientific American * of August 12th, 1870 (p. 98), Mr. Wood 
communicates the following apparently authentic record of a reoent fall of an 
aiK lite in Kentucky, U.S., no meteor, hoWover, being described, and no other 
details of tho occurrence having yet been received:—“ The Louisville 1 Courier 
Journal'states that on July 18th(1870), at 4* a.*,, Mr. White,watchman of the 
Whitcford engine-house, whilst on duty, was startled by a loud report, like 
that of a pistol, and instantly following some heavy substance fell into the 
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afreet a few feet distant Mr White searched, and found imbedded m tho 
ground a stone of the appearance of dark flint, weighing about two pounds 
The stone was broken to pieces, and examined during the da) by several 
scientific gentlemen, who pronounced it genuine meteoric substance Tho 
probable solution is that the explosion occurred at a greater distance than was 
supposed, and that this was but a small fragment of a large aerolite * 

lo the many valuable essays on tho physical characters of aerolites with 
which Professor Maskelyno has from time to time enlarged the extent of our 
knowledge of tho real nature of these bodies, and to tho unremitting zeal w ith 
which he has collected in tho British Museum a series of authentic specimens 
ot meteorites not excelled in any other national mmcralogical collection, wo 
ow e many of tho most interesting discoveries and conclusions of scientific 
importance regarding the probable history of meteorites which have been 
arrived at in recent years Home outline of the progress that has been 
made in these investigations was given in tho concluding paiographs of last 
yoar’s Report but a very valuable summary of the existing state of know¬ 
ledge on the composition, structure and piobable hiBtory ot metcontes has 
appeared in a senes of papers* published during the post yeai by Piofessor 
Maskelyno, entitled “ Home Lecture Notes on Meteorite r ” to which, as they 
contain a most instructive review of the many points of information accu-i 
mulatcd during a prolonged period of successful and diligent research, the 
Committee has especial satisfaction (while noticing in this Report the prin¬ 
cipal contributions to mrolitic science durmg the past year, notable additions 
to which weio made in our own country) in being able to refor Ihese 
useful Lecture Notes contain m a few condensed and readily accessible pages 
tho mature results of almost numberless scattered treatises and memoirs, 
and besides the certain basis of instruction which they offer on tho ordinary 
features of composition, structure, and typical characters of meteorites, and 
of the circumstances which attend their fall, a store oi useful hints and germs 
of future theories are thrown out regarding tho extra-tori estnol conditions of 
rock-formation on distant astronomical bodies from which these strango frag¬ 
ments are denved In connexion with tho discoveries (and eapoaally with 
the views advanoed by Mr Lockyer to explain them) of the speotroscopo 
regarding the selective arrangement and definite elevations of certain ele¬ 
ments forming the ordinary ingredients of terrestrial rooks m tho outer luyers 
of the sun’s atmosphere, the low degree of oxidation which invariably cha¬ 
racterises the constituent minerals of meteorites appears, among the conjec¬ 
tures to which Professor Maskelyno draws attention, no longer to be a singular 
peculiarity of the parent bodies from which they were projected, but a condition 
of their surfaces which corresponds exactly with the common assumption of 
their small dimensions, usually regarded as a necessary supposition to aocount 
for the projection and liberation of aerolites from the attraction of those 
distant spheres by forces of ordinary eruptive violence Such views of the 
arrangement and concentration of the elements by gravity in condensing cos* 
mical masses, tending, in the order of superposition of their densities, to eli¬ 
minate as muoh oxygen and other hght-atomed elements as they contain 
towards the surfaces, if, as appears very probable, they should soon bo con¬ 
firmed by a more perfectly discriminating scrutiny of tho sun’s atmosphere 
with the ipeetrosoope,wiUhnk together more closely than before the evidence 
which the spectroscope affords, and which has independently been gathered 


* 1 Nature, 9 rot xtt pp 465,504, 520 (September 00 and October 7 14 1875) 
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from a minute examination of meteorites, that the material! and the laws 
of aggregation of the elementary substances constituting the largest and the 
smallest suns and planets are essentially tho same, only during very strikingly 
from each other in their soalo. Conditions which we notion on the win and 
on our own globe wo may rogard as having in all probability onco presided 
over the proceed of condensation of every planet from a state of vapour, and 
as having notably collected on tho surfaces of tho small meteorite-yielding 
planetoids, in exuct proportion to their sue, loss oxygen than we find existing 
on tho surfaco of the eai th. Passing ovor many valuable pages of desonptive 
matter in tho 4 Notes/ containing exact accounts and appropriate discussions 
of many new as well as formorly narrated particulars and observations, it 
should be elated that tho explanation given m one of the first paragraphs 
of tho first article m 4 Nature * (loco sup . ett p ( 487) of the characteristic 
pittings of the surfaces of moteonc stones and irons, supposing them to arise 
from exfoliation of pieces of tho stone or iron by the sudden expansion of tho 
material produoed by heat, is sot aside in a later paper by Professor Maskelyne 
in favour of a far more natural and more probable hypothesis! the leading 
points of which will bo presently described. 

The meteoric fall of the greatest interest during the past jear was that of 
an adrosidente, or piece of metallic iron, which fell in Hhropsnire, eight or ten 
miles north of tho Wrokin, on the 20th of April, 1876. ltain was falling 
heavily, unaccompanied by lightning or thunder, and tho sky was thickly 
overcast for some timo before and after the hour, 3 h 40 m p.jc., when the event 
took place. At that time a strango rumbling noiao was heard, followod by a 
startling explosion like a discharge of heavy artillery, audible ovor an area 
several miles m fcxtent among tho neighbouring villages of Shropshire. The 
meteorite was found about an hour after this occurrence by the tenant of a 
grass field, near tho town of Wellington, Mr. Brooks, who had occasion to 
visit tho spot, and observing tho ground to have been disturbed, probed the 
hole which the meteorite had made, and discovered it at a depth of 18 inches 
below the surface. Some men at work at no great distance had heard the 
noise of its descent, but without being able to indicate the exaot plaoe or it! 
direction. The hole was nearly perpondioular, the meteorite having entered 
the ground almost vertically in a north-west to south-easterly direction, and 
when found it was still quite warm. It weighs 7f lbs , and is a mass of 
metallic iron irregularly angular, although all its edges appear to have been 
rounded by fusion in its transit through tho air, and, exoept at the point 
where it first struck the ground, it is covered with a thin black pellicle of the 
magnetic) oxide of iron. Tho surface 1s somewhat pitted or marked with 
•light depressions, one of which occurring in a fissure of the mass affords some 
instructive evidence of the causes of their formation. The exposed metalHo 
part of the surface exhibits crystalline structure very clearly when it is etohed. 
The meteorite was first exhibited publicly at a local basaar, held in Wolver¬ 
hampton, and afterwards at a meeting of the Natural History Society of Bir¬ 
mingham, by whose representations to the agent of the Duke of Cleveland, 
And by the Duke's oonsenfc, in whose property it fell, it was presented to the 
British Museum. It is only the seventh afe'rosidento, or meteoric iron, of 
Whmh the fall has been witnessed*, although upwards of a hundred iron 
masses have been discovered in different parts of the globe, which are un» 

* For a list of tho earlier known example! of lueb ironfalls, see those Reports (vol. 
for 1876, p. 246). ^ 
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doubtedly meteono, and two such have been found m Groat Britain The 
falls of eight stony meteorites have been recordod in this country, of whioh 
tho last happened at Killetor, in Ireland, on the 29th ot April, 1844 A 
Section of the ltow ton sidtnte for analysis will shortly be made, and tho 
foregoing description ot the meteorite, and of tho circumstances attending 
its fall, are extracted from an account of the occurrence of the turosidento by 
Professor Maskelyne, in * Nature * of July 27th, 1876 (vol xiv p 472) 
Regarding tho origin of the remarkable pittmgs of tho surfaces of aerolites 
and acrosidentos, on opinion was lately expressed and advocated by Daubree 
that in their flight through the air they undergo erosion and excavation by joint 
effects of fusion and combustion, assisted mamly by air vortices attacking most 
violently certain portions of their surface An important paper on this subject, 
by Professor Maskelvne, was published more recently m tho * Philosophical 
Magazine * of August 1870 It is tiue that pitting** identical m appearance 
with those of meteorites aro found on tho surfaces of certain large grains of 
powder blown unconsumod from tho mouths of the largo modem rifled 
ordnance (excellent specimens of this kind received from Professor Abel 
and Major Noblo having been shown by Professor Maskcl)no to Mr* 
Daubrdo in the summer of 1875) but two important grounds for exception, 
in regard to this explanation, aro pointed out by Professor Maskeljno, 
which must not bo overlooked Tho closest examination of tho molten 
glaze with which, like other parts of thoir surfaces, tho pittings or depres¬ 
sions of meteorites aro coated over, shows no indications of vorticose action 
of the air, although stream-linos of the glazo fiom fiont to roar aie ot 
frequent and conspicuous occurrence Tho process of atmospheric combina¬ 
tion, or combustion, is also rare, if not entirely absent, during the period of 
most intense operation of the heat, as is shown by particles of metallic iron 
which are occasionally found imbedded lu tho glazo, and even b> oases 
where tho highly oxidizablo mineral Oldhamite (calcium sulphide), occurring 
m spherules in the i3usteo meteorite, is glazed over tqually with the Augitc, 
Without offering any signs of combustion or of tho production of cavities 
where they are exposed Ou the other hand, the readier fusibility of some 
constituent mineruls of moteontoa appoars to determine the formation of 
depressions of the surfaco whero thoy present themselves and among the 
magnesian silicates which form tho principal materials of stony met pontes, it 
appears that tho more fciruginous vanetios are somewhat more fusible than 
the more puroly magnosiferous silicates, which, with minor assemblages of 
other minerals, enter, in vciy various proportions, into the composition 
of the stony masses of aerolites If tho entiro process of surfaoe-moltmg 
and abstraction which meteorites undergo is thus correctly represented, tho 
question of tho amount of fracture and division into soparato parts which they 
may suffer by their collision with the atmosphu o is oao which is yet undecided, 
and many difficulties besot tho inquiry if motcontos are single bodies or if, 
as numerous examples appetfr to testify, they sometimes enter the atmo¬ 
sphere in swarms An important dissertation on this question by F Mobr 
appeared durxrg the past year in Liebig's ‘ Annaleu'f , and a paper by Von 
Tscherxaak (of which a bnef abstract was presented in last years Roport), 
6n the same subject of the probable origin and of tbo original forms or 
aerolite*, is now translated in eatouo in the Supplementary No. to r June 
1879 of tho ‘ Philosophical Magazine/ 

* ' Oomptfif Benin*/ Apnl 84tb, 1870 

t voi pp m-2^ 
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Part II. — Accounts of Aerolites and Aerolitic Meteors, and Abstracts of 
recent Uesearches on them. By W. Flight. 

/ 

1875, February 12th, 10.30 r.ai. (Chicago time).—Iowa Co., State of Iowa*. 

The conclusions arrived at by Wright, on examining the gases oocluded by 
the iron of these moteontes, ha\o been referred to in the lteport (BA) for 
1875, p. 240. Ho considered that the stony meteorites wore distinguished 
from the iron ones b) having tho oxides of carbon, clnefl) the dioxide, as 
their characteristic gases nibtead of h}drogcn. This theory has been called 
in question b) Mallet, who refers to his examination of the gases of the iron 
of Augusta Co., Virginia, where tho ratio of tho oxides of carbon to hydrogen 
is 4 * 3, and to his having pointed out in 1872 that hydrogen could no longer 
bo regarded as the characteristic gaseous ingredient of meteoric iron. In his 
paper of that date he stated that although it might bo assumed that carbomo 
oxide would be tho original form m which tho gaseous carbon-compounds 
existed in tho iron, and that it broke up at tho tomperature of tho experiment 
into carbon retained by tho iron and into carbonic acid, yot in view of tho 
steady decrease of the quantity of the latter gas which was evolved as tho 
experiment proceeded, it seems more likely that a larger amount of carbon 
originally existed in tho higher state of oxidation. Mallet considers that, 
when all tho eircu instances of the experiment are considered in each case, 
Wright's conclusion cannot be sustained. 

Jn a paper dated some months later, Wright replies to Mallet's criticism. 
Ho states that he only meant this expression of opinion to bo tentative, but 
that the results of further work completely justify the conclusion at which 
he had arrived. He has re-examined the gases of the iron of this meteorite, 
and examined those of the* iron of some other stony metoontes, such as Ohio, 
Tultusk, Parnallce, and Weston, and finds that not only do tho stony mete¬ 
orites give off a much larger volume of gas at low temperature, but tho 
composition of tho gas in all the cases studied is quite different from that 
evolved from meteoric iron. In no case among tho results obtained with tho 
alloy is the amount of carbonic acid greater than 20 per cent, at 500°, nor 
than 15 per cent, of tho whole quantity evolved, while in every caso but 
one the volume of carbonic oxide is considerably larger. In the cbondritio 
meteorites, on the other hand, tho pcrcentago of the latter gas is conspicuously 
small, while the carbonic acid constitutes more than half the total gas evolved 
below a red heat, except ra the case of the meteorite under consideration 
which fell at Iowa, and hero the percentage is not much less, especially if wo 
reject the numbers representing the amount obtained by a second ana long- 
continued application of a red heat. At a temperature of about 350° it 
constitutes from 80 to 90 per cent, of tho gaseous products, and at 90° it 
forms more than 90 per cent, of the gns evolved. Tho hjdrogen, on the 
other hand, progressively increases in quantity with tho rise of temperature, 
and is the most important constituent of the first portions removed at a red 
heat. The form in which the carbonic acid is occluded is a problem which 
he cannot at present solve. That it is actually absorbed appears to be certain. 

W. Mallet, * Amer. Journ. Sc.’ 1875, vol. x. p. 206; N. R. Leonard, tf. roL x. 
p. 357 ; A. W. Wright, 4 Amer Joum So.' 1876, vol. xi. p. 253; " An Aooount of the 
Detonating Meteor of February 12, 1875," by O. W Irish, Iowa City, 1875, Daily Press 
Job Printing Office, Dubuque Ktroet, M. Delafontame, BiblioihAque Unirenelle,’ October 
1875, p. 188; G. A Daubrtfe, ‘LTnstitut/ 1875 (Noe 105-122), p, 138, O. W. GttmbeL 
4 Sitiunpber. Ak. Wws Muncben, 1 1875, vol. v. p. 313. 
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Til at it has been taken up from the atmosphere has boon proposed He finds, 
however, that tho iron ot tho Iowa meteorite contains no more carbonic acid 
now than it did at the time of its fall 

I oonard gives a detailed a( count oi tho nppe lrnuco pres nted by tho moteoi ^ 
which is sfcifctd to haie boon sun thioughout a region 100 miles from S W 
to N L , and 250 miles in breadth Lho btoms > try m weight from a U w 
ounces to 74 lbs and the aggiogato weight is 500 lbs the aua over wh eh 
thoy wero scattered nppe us to l>c 7 miles m length and 4 miles at its giontcbt 
breadth A ylan of tho townships m<luded m this ana is given in Leonards 
paper, and it shows where tho duel atones fell By reason of the frozen 
condition of the gr mud at tho time of the fall, and the low angle of descent it 
appears probible that almost all the fragments which fell have been secured 
The velocity of tho meteor h is not been satisfactorily determined it appeals 
probable that during tho last 60 or 70 miles of its oourse it travelled at tho 
rate of from 6 to 7 miles per second 

An interesting pamphlet by Mr Insli 0 V deals with tho appoarance 
presented by the meteor Ho has mcorpor itcd m his paper a number e f 
letters received from obscrurs stationed over a wide aroa, describing thoir 
impressions ns to its altitude ieloeit\ and nppe u u cc and bo has given a 
drawing of tho meteor and pieparcd i map ot tho district showing tho pro¬ 
jection of its path through tho air I leain by a recent lettor from Mr Irish 
that two blocks one weighing 72 lbs , tho othei ts lbs , which evidently 
formed one and tho same mass which was disrupted d irmg the descent has o 
flinco been found and tho uggrogatc weight ot tho stones now collected cannot 
bo less than 700 lbs I am also indebted to Mi Irish for six excellent 
photographs of the Iowa stones, sixty-seven in number, which form the 
collections of Pi of Hinruhs Mr J P Irish and himself They wero talon 
by Mr Thomas James, ot Iowa city and are m the very best style of ph to- 
graphic art 

Prof (rumbel, of Munich, has recently publiBhid an interesting paper on 
tho characters of this meteorite He finds the crust to possess a deep bottle- 
green or brownish led colour and to possess in polarized light all tho 
characters of an amorphous glass-like miss AVhen a fragment is hoakd it 
turns of a dark brown colour, liko that noticed by him in the oruptiie looks 
of tho Fichtelgebirg, and he regards this change as i safe indication of tho 
prosonco of olivine 

The composition of the sk lie is found to l;r 


Melconc iron 

1232 

Troihte 

2 > 

bihcate deoornpoied by and 

48 11 

Silica to, not acted upon by acid 

U 12 


100 00 


The sihcato dooomposed hy acid is an olivine, having the formula 
2(|-MgO,^FoO),SiO , and the insolublo silicate, which has boen regarded 
by Dr Lawrence femith as pyroxene, gave the oxygen ratios—silicio acid 
■■ 29 68 , bases » 10 29 It appears not improbable that in this case the 
silicate was not completely decomposed during analysis 

Tho paper is illustrated with an interesting plate of a microscopic section 
showing olivine, augite, meteoric iron, chromite, troihte, particles of a reddish 
hue which resemble garnet but whioh doubly refraot light and exhibit optical 
characters which will not allow of their being identified with nosoan, and 
chondra showing fibrous, radiate, and granular structure, as well as others 
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which evidently consist of olivine, and some which are opaque and finely 
grainier, The meteono iron has a hackly angular structure, and hat the 
appeatanco which it would present if reduced to the metallic state m the 
position which it at present occupies* ' 


1875, December 27th, 9 r n.—Kansas 

I havo to thank Mr. Irish, C.E., of Iowa Citj, for two cuttings from 
newspapers (tho Kansas Chief of December 30th, and the Kansas Even¬ 
ing Post oi December 29th) recoidiug the fall of a detonating meteor of 
the above date. It traversed the heuvens in a direction from N/W. to 8J1., 
leaving a lurid streak in its wake, Tho whole heavens were lighted 
up, and “made all out of doors almost as light as full moonlight.*’ Tho 
meteor was of the usual whitish-red colour, and whon it exploded the fiery 
fragments woro scattered in all directions. “ Perhaps two minutes later, and 
after all appoarancc of the meteor had disappeared, the sound of the oxplf$- 
sion came like tho discharge of a heavy cannon, or rather one loud explosion, 
immediately followed by a lighter one like an echo. The explosion jarred 
houses and rattled windows. The size of tho moteor and tho terrible force 
of the explosion may be imagined from tho fact that tho distance was so great 
that it required about two minutes for the sound to reach the earth, and the 
ooncusaion was so plainly felt and heard at that distance. The phenomenon 
was witnessed over a large extent of country.” An observer, writing from 
Fort Leavenworth, states that it appeared to have its origin in the constel- 
lation Cassiopeia, and its course was due east. Mr. Irish states that he has 
made every effort to secure possession of the meteorites which must have 
fallen, but has been unsuccessful. The time of flight is estimated to hate 
been from 12 to 15 sooonds. 


1875, December 27th, 9.20 r.M.—State of Misses^ 

I am indebted to Mr. Irish, C.E., of Iowa City, for an intmlti^hflaription of 
this detonating moteor, as well as for a map, on which he has trsmdfe course. 
The point where it was first seen in the senith is at Thayer, in 
near the borders of Kansas, and about 120 miles W. of the Missouri pimv .& 
was seen by him at Iowa City first as a small meteor, which rapid]y4M4|pb 
brighter, and was hidden from view when at an altitude of about 4C^ by * 
building; at this moment it gave out a very brilliant quivering flash of light, 
which illuminated the whole heavens. It appears from Mr. Irish^ map t< 
have been soon ovor a wide area, from Stillwater in Minnesota on the north 
to Buffalo m Missouri on the south, and as far west as the shores of Lake 
Michigan. Near the termination of the flight sounds were heard: over 
Archer, in Nebraska, a rushing roaring sound, as of a mighty wind, was 
noticed ; at St. Joseph, in Missouri, the first distinct explosion was remarked, 
and between that town and Livingstone Co. frequent and very heavy dotona* 
tions occurred. In the last-mentioned district, and at places as far miles 
distant, numerous red fragments were seen to Ml. He says/ 1 1 hare hwsfrarai 
persons looking for the meteorites where the Ml must have taken place; but 
the whole district is covered with dense forest, and is mountainous and broken* 
and the ground was very soft from the long-continued rains preceding the 
Who that no fragments hare bom found. All the obeorren ot the Anal 
exploalon agree that the great bulk of the material waa thrown npward and 
backward upon the ewm ef tho meteor, aa the arrow-pointed dote in 
ntf eketeh indicate. The lwainrae appearance oentinued in right dir 
10 
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1876, January 6th, 10.30 p.m. —Iowa and Missouri. 

This meteor, according to Mr. Irish’s letter and accompanying map, was 
■witnessed over an area extending from Cass, in Iowa, to tj niudy, m Missouri. It 
appeared to descend almost perpendicularly, and was a very brilliant meteor, 
and a very noisy one also. A senes of reports twonty-two in number wero 
hoard dunng its transit from Cass to Grundy. Tho rumbling thunder of its 
artillery, together with its flashes of brilliant light, brought pooplo from thoir 
bods with an apprehension that tho groat Cml War had broken out afresh. Its 
time of flight over the area indicated was not more than five seconds, and tho 
light it emitted is said to have equallod that of noonday. None of the 
meteorites which must havo fallen have been found, for tho reasons already 
reforred to when speaking of the detonating meteor of Decomber 27th. 

1876, January 31st, 5.30 v m.—L ouisville, Kcntuoky. 

Dr Lawrence Smith, of Louisville, observed a magnificent meteor traversing 
tho heavens on tho afternoon of tho above day He first saw it at an altitude 
of about 00° above tho hon/on, and it disappeared from view behind some 
houses at an elevation ot about 20° Its direction appears to have boon from 
N W. to H E , and the angular magnitude about one sixth that of the disk of 
tho moon. It was seen over an aroa 120 miles m diameter. A number of 
observers witnessed an explosion which took placo whon tho meteor was 
about 10° above the horizon; all tho fragments disappeared instantly, except 
t)ie largest, which also becamo invisible before it reaohed tho homon. One 
or two of tho eye-witnesses think they noticed a whuzing noise, and at the 
time of bursting heard the explosion. No fragments of a meteorite have yefc 
been met with; bul^ it is tho opinion of Dr. Smith that they fell about the 
range of the Cumberland Mountains m Kentucky, or in the north-east of 
Tennesseo. 

1876, April 7th (evening).—Epeijes, Hungary*. 

A fireball passed over Eperjos 8° [ 9 E. or W J from tho meridian, and 
detonated at an altitude of 38° abovo the horixon It exploded with a very 
loud noxso, and broke into numerous fiery fragments. 

1876, Juno 28th, 11-12 a.m. —Stalldalen, Dalooarlia, Sweden, 

A meteor traversed a part of Central Sweden in a W.N.W. direction, and was 
plainly visible in tho very bright sunshine. It was observod at Stockholm and 
at Sodermanland; at 13 English miles S.W. of Linkoping it was scon first in 
an N W. direction, and at a considerable altitudo, and it descended almost to 
the horizon In the west. A loud whistling noiso was heard in the air from 
E. to W., followed by two sharp reports, and others less loud rosembUug 
thunder. The fall of tho raotooritea was witnessed by eight or ten persons, 
and three or four fragments h^ve been secured by Dr. Lmfistrom, The 
largest, about the size of two fists, weighs 44 skalpund [1 lb. av.*»H>88 ltt. 
or skalpund]. Stalldalen is a station on the Swedish Central Railway, qu 
the northernmost part of (Urebrolim. Some of the meteorites which fell in 
wafer havo been lost. 

* BgysUrtfs U Magyar Ujsag. Budapest, April 18,1070. 
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Report on the Rainfall of the British hies foi the years 1875-76, by 
a Committu consisting of 0 Brookf, FRS (Chairman), J F. 
Batlman, C E , F R S , Houma 1 illd, C E , J Glaisher, FRS , 
T IIawksley, ( h , r \ Ju Fail of Ro:>sl, FR S , J Smyth, Jun, 
CE , C Tomlinson, FR S, Ct J Symons (Secretary) 

In accordance willi the resolution of the Association, the Rainfall Committee, 
originally nppoiuted in tho vear J 8<>5 now present their final leport 

The) give m the it poll presented at Bristol m 1^75 a condensed account 
of the contents of thar piovious reports 

iIns >cu they picscnt the vinous tublts and oxpl m dory remarks upon 
them winch ire ntco&sai) to complete tlu work up to tho present time, ex¬ 
cepting that referred to m the 7th following pu lgnph 
I lie t ibles aic ns follows, namil) —■ 

I Examination of Ram Gauges 
IT Rainfall of the )oars 187 l- 1- ) 

III Alonthl) returns from new Tush &t itions 

J uumuatn n of Ram Out ufts in vl i - \ppcnded to this report arc tho 
results of tin ev mu nation of 2(> nun gauges Malted since August 1875, 
Una bungs tlie eutuo mnnbti which have been visited and examined up 
to 055 Iho Committee regird this as a veiy important subject, and the 
best guarantee of the records furnished b) the observers They have moro 
than onco expressed their convietion that the piopei course would have 
been to appoint a travelling inspector, so that tho whole of the gauges might 
bo properly examined but the) have never had adequate funds for tho pur¬ 
pose In fact, tho total amount they had been able to devote to it m the 15 
Years dunpg wduch the inspections have boon going on has only been .£210, 
ti an avtmgo of exact!) 111 i )car The explanation of the smallness of the 
amount m comparison with tho work effected (about (Is 5<l per station visited) 
arises from tho fact that it has been almost entirely done by our Hecretary, 
who, as a member of tho Association, received nothing for his eervicos but 
merely repn)ment of actual expenses, and even these have been materially 
reduced by the hospitality of tho obstivers 

Rainfall of the yeai s 1874-5 -—Tho usual biennial tables of monthly rain¬ 
fall at selected stations are appended Ever since their appointment the Com¬ 
mittee havo continued these bionmal tables, and as Mr 8)mons had submit¬ 
ted similar ones for some )ears previous to thur appointment, tho entire series 
embraces 10 consecutive )ears bubjc(t onl) to changes rendered necessary 
by the romoval or death of observers, tho same stations havo been quotod m 
each biennial table, and thus theso tables contain about 200 perfect records, 
each extending over 10 consecutive )ears Only those persons who are aware 
of the great impoitanco of continuit) m physical researches will fully realize 
the value of this senes, both for ph)sical and h)drological purposes. 

The Rainfall of 1874 was slightl) below the average, owing to a rather 
dry spnng and exceodmgl) dry summer The most remarkable featuro of 
tho year was tho heavy fall of ram on October 0th, when tho average foil 
over England and Wales was slightly above 1 inch in the 24 hours, and the 
fa r mt many stations in North WaloB and the Lake District was upwards of 
5 inches bo heavy a fall over so largo an area is a very rare occurrence. 

The Mttmfatt of 1875 was greatly above the average in England (especially 
in the Midland Countieo), and irregular in Scotland and Iieland A very 
heavy rainfall occurred in Wales and the southern parts of England on July 
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14th, the fall in 24 hours exceeded 1 inch at 252 stations, 2 inches at 109, 
3 inches at 39, 4 inches at 7, and 5 inches at 1 stations 

iVifie Irish Stations —\\ o reported last year the success of our efforts to 
improve the geographical dmtiibutmn of It unfall Stations in Ireland, showed 
that the gauges started at the cost of the Association had be on supplemented 
by man) others established at the < )st of puvatc individuals, and gavo a map 
showing the present complete distribution of stations Almost ill the ob¬ 
servers have proved good ones, and, as the table shows, tho returns have 
been forwarded with lcgulanty The period is too short to yield precise 
results, but a good sjstom has been inaugurated and is m full opeifttion 

Vt tho commencement of this ropoit it was stated that there was one very 
important exception to tho othorwm sahtdatloi) completion of tho work up 
to the present timo this exception is the cl i^silicd list oi stations and the 
results of tho “position-returns” whuli vie intended to have incorporated 
thorowith In 180*) wo published a complete list of every station in the 
British Isles at which ramlull observations wero known to havo boen made, 
giving the observers’ names, tho height of tho stnhons ahovo mean sea-level, 
tho epoch of the obsuvations, and various othci details Owing to the large 
development of rainfall wotk dming tho subsequent 10 joins, tho list has 
become verv imperfect, and tho ( ommittce h ivo been aetivdv engaged in tho 
preparation of a revised list In addition to the details j>u vi >u*Jj & ivcn, tho 
list was also to havo contained othci most valuable inhumation Tho 
“position-returns” obtained from the vnuous stations, and winch havo been 
mentioned in previous reports, wero to have been Bummmizcd and tho results 
indicated by 8) mbols affixed to tho stations m tho classified list and u ferenci a 
to publications in which tho lccords could bo found weio also to have been 
added The classified list of stations would thus havo foimcd i coinpleto 
catalogue latsonnc of all tho existing rainfall data, and have gmn most 
useful information at present non-existent lo the groat icgiet ot tin Com-* 
mittee, tho Association declined to publish Clio poitmn of this h«4 \ resented 
last year, and the Committeo havo tlierefoio felt compelled to relinquish its 
completion Ihey tlio moie deeply regret this, as tho) consid< r that the 
publicaiion of this list would have been a fitting termination of their work, 
and would have redounded to the credit of the Association 

Notwithstanding tho above most impoitant omission, tho Committee feel 
they havo done good service to lamfall woik When they commenced their 
labours, tho weakest part of rainfall observations was the defective geographi 
cal distribution of tho stations Tins defect has now been very materially 
lessoned B) tho grants of tho Association ncnrl) 250 gauges havo boon 
erected m districts hitherto without obsc rv ahons The w ork done in the inspec¬ 
tion of stations has nlready been mentioned A definite unit has been adopted 
for tho term “ rainy day,” namely, any day on which one 100th of an inch of 
rain falls A complete code ot rules has been drawn up, so as to secure uni¬ 
formity of practice among observed Tho sicului vaimtion of tho rainfall of 
tho British Isles lias been investigated A determination of the average 
proportion of tho total yoarly rainfall which occurs in each month has 
been effected Elaborate observ itions havo been mado and discussed on tho 
relative quantity of rum indicated by gauges ot various sizes and shapes, and 
erected at different heights above tho ground 

To sum up their labours in a sentence, jour Committee have aimod—they 
hope not without success—primarily at obtaining unimpeachable records, 
ana, secondarily, at so discussing and arranging these records os fi^render 
them as useful as possible to physical inquirers and hydraulic engineers. 
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County 


Cork 

Kerry 

T pperary 

L menck 


Clare 


K Ikenny 

K g s Oo nty 
K laare 
D bln 
Meath 

Longford 

Galway 

Mayo 

SI go 
Leitrin 


Fermanagh 

Monaghan 

Armagh 

Dowi 


Antrim 


Londonderry 

TyroiU 

« 

Don jal 

-L 


List of Stations euppl ed vith Ram gauges by the British 


StaLio 


Jan 


Sltibberren 

K llarncy Gap of D loe 
Traloe Godfrey Place 
T pperary Henry Street 
Nenagh Li skA Lodge 
Newcastle Bade au leo np l 
I nt»r k K 1 x>n a 
Ja ev lie I pperar) 

K 1 ush 

M Ltown Malbay 
Corofln 

K lken y Butler IIu so 
CftMleco uor 
Barrngl er 

Naas Bally nore B staoe 
Rati gar 
Niiyjui Balrath 
Kella 

Longford Barracks 
Granard Barracks 
Ball nasloe Kiloo noil 
W eatport Rowbeg Ho so 
Bangor Glenturk Lodge 
SI go Ballmlul 

Carr ck on Shannon Drumsna 
Mohill Dromrahan 


5 9* 

6 77 
5 9° 
(3 96) 
4 9* 
(3 9 1 ) 

7 37 

4 21 

4 7« 
(J") 

4 33, 

(4 64) 

3 ** 
(5 47) 

(4 75^ 

476 

5 ** 

(609) 

4 78 

5 73 
293 
5 43 
486 


Carnck-on-Sl annon 
Dr mkwr n Spencer Harbo r 
Coll 

Imnestown Pgllnton Lodge 

Rockoorry 

Now town nannlton 

Kilkeel 

'Wnrrenpo nt S unmet IIill 
Newry Newcastle 
Rat hr ri land 


HilUboroi gh Anah It 
Newtownard*, Model School 
Crurnlm 

Ballymoney Church Street 
Bus! mill* 

Londonderry Knockan 
Moy Benburb 
fltewnrtatown 
Btrnbane 
Inver Glebe 


Oarndonagh 


'!!?! 

7 I0 ) 

4 89) 
+ 99 
(4*3) 

4*3 

1113 

(5 58) 

55 2 

416 

429 

3 77 
3 *5 
(3*4) 
3 48 

5 3® 

416 

(3 5*) 


*eb 

Marul 

A| r 1 

May 

June 

1 39 

1 6ft 

* 53 

3 0* 

1*4 

96 

* 79 

i 14 

3 ** 

4 02 

* 39 

* 5* 

* *4 

205 

3 4 * 

89 

1 19 

99 

*43 

3 3° 

1 00 

1 65 

I 10 

* 5* 

j 9 6 

1 03 

1 V 

i 96 

1 82 

409 

1 S3 

I 80 

1 93 

329 

4 03 

92 

I 11 

1 67 

l 91 

5 06 

* 3' 

172 

191 

ft 7* 

5 <7 

96 

I It 

l 70 

ft 7* 

4 59 

1 27 

9 * 

90 

1 52 

278 

*5 

* 3 1 

86 

68 

3 54 

83 

99 

*3 

2 11 

3 5 a 

3 57 

I 3 2 

74 

ft 00 

3*3 

* 71 

*5 

84 

3 38 

3 ** 



1 03 

ft 09 

3 5* 

1 21 

94 




t 21 





?* 

9 * 

1 34 

3M 

♦l 7 

77 

* 75 

1 7 ft 

*39 

3*4 

1 89 

1 82 

2 it 

4 11 

4*4 

1 06 

* *3 

1 01 


*94 

* 5i 

90 

1 50 

3 $2 

4 34 

1 23 

1 00 

99 

s 88 

*r5 

>4* 

79 

* M 

» 37 

4 3* 

2 06 

ft 04 

1 11 

4 35 

6 17 

i 17 

ft 03 

1 51 

470 

74® 

* 53 

1 59 

7® 

3 * l 

jo* 

* 54 

1 *3 

34 

* U 

400 

2 00 

1 53 

54 

ttft 

40ft 





31* 

157 

1 94 

5* 

a*i 

4 74 

* 16 

*45 

Oft 

x 30 

4 99 

ft ftft 

138 

il 

1 67 

41* 

1 41 

104 

*3 


3*08 

96 

I Oft 

39 

184 

3 3* 

1 11 

105 

39 

1 80 

3 4° 

*47 

163 

09 

1 *3 


1 26 

*41 

43 

*03 

*9® 

87 

19a 


*»o 

a 94 

1 41 

96 

3* 

181 


* *4 

1 16 

39 

101 

301 

> >5 

U 5 

70 

m 

» 95 

1 63 

1 56 

1 59 

*4* 

44* 


147 

7* 

300 

400 
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Association m 1874, and Returns therefrom for 1875 70 


July 

Aug 

Sept 

Oct 

Nov 

l)ec 

Jan 

leb 

March 

Api 1 

May 

Ju e 

July 

95 

1 60 

0 

co 

CO 

1 588 

1 

488 

2 73 

2 61 

521 

* 59 

4 75 

10 

1 17 

*55 

* 53 

2 22 

8 76 

j 6 76 

3 37 

4 02 

303 

4 99 

4 7 * 

2 89 

1 11 

288 

* 75 

458 

2 42 

7 84 

7 3 8 

3 56 

2 30 

1 28 

4 u 

4 93 

3 *3 

73 

1 34 

1 3 * 

2 n 

294 

5 46 

3 48 

3 54 

2 09 








193 

3 

7 12 

5 

4 20 

2 3 

1 n 

4 39 

4 82 

249 

1 14 

1 46 

1 48 

278 j 

4 80 

5 76 

4 99 

3 34 

2 04 

96 

3 ?3 

445 

3 37 

9 1 

1 45 


336 j 

3 60 

7 60 

*97 

4 *3 

1 8 i 

172 

5 *7 

4 43 

2 38 

79 

2 18 

a 03 

141 

* 59 

5 9 8 

663 

*93 

1 )j 





*93 

1 22 

5 * 

3 21 

4 *4 

697 

473 

3 59 

3 60 

2 36 

4 50 

387 

3 26 

93 

2 56 

3 10 

*97 

*74 

7 02 

5 °9 

3 43 

3 7 * 

2 13 

487 

455 

1 80 

69 

1 68 

2 71 

405 

* 54 

5 66 

590 

2 52 

1 73 

93 

463 

3 ** 

224 

61 

1 11 

1 26 

3 57 

198 

6 13 

6 53 

4 77 

94 








181 

3 °4 

5 *6 

3 95 

387 

1 22 

1 26 

469 

390 

2 16 

94 

1 70 

I 7* 

304 

> 3 1 

4 5 i 

381 

4 14 

2 ^ 

* 53 

398 

35* 

*43 

*5 

2 12 

1 61 

468 

148 

5 47 

4 39 

(3 93 ) 

' 2 0 

77 

3 6q 

*54 

1 88 

67 

1 47 

* *7 

158 

: 2 04 

5 97 

5 3 i 

4 Go 









228 

2 41 

5 5 * 

3 79 

3 67 

3 20 

207 

4 94 

463 

302 

74 

l 68 

*53 

278 

3 18 

6 32 

476 

3 18 

4 28 

3 39 

5 34 

5*2 

*59 

54 

* 55 

*35 

3*9 

2 12 

4 81 

5 39 

5 1* 

4*4 

5 37 

6 37 

7 *3 

4 20 

2 11 

4 99 

2 14 

349 

1 68 

3*4 

4 44 

,3 5 6 s 

2 09 

1 24 

4 47 

3 80 

*55 

, 5 * 

* 35 

1 11 

169 

421 

449 

509 

(481) 

3 *4 

225 

4 *3 

439 

a 69 

’ 00 

’77 

* 59 







2 27 

5 55 

J65 

150 

9 * 

1 35 

*33 

181 

348 

404 

305 

361 

* 33 

2 26 

563 

4 °9 

*54 

47 

149 

1 26 

*43 

+ 6* 

5*5 

504 

5 3 * 

3 7 i 








1 66 

6 32 

5 77 

5 60 

667 

48b 








*74 ' 

450 

3 79 

5 7 * 

4 49 

2 34 








l 60 

3 7 * 

464 

5*3 

503 

2 27 

165 

4 4 * 

3 87 

a 18 

59 

* 4 * 

a 00 

3 47 

4 60 

5 53 

5 93 

5 55 

2 83 

195 

5 °5 

48* 

a 80 

75 

2 28 

a oa 

3 3 * 

4 02 

5*9 

5 74 

4 59 

1 63 

1 21 

344 

a 28 

* 4 * 

40 

*75 

1 76 

3 *° 

3 6i 

8 40 

7 86 

5*7 

3 °5 

2 26 

5 ** 

3 43 

167 

41 

2 48 

* J* 


3 06 

899 

7 9 ° 

8 96 

3 66 








3 5 1 

2 64 

638 

6 28 

5 

2 10 

1 60 

3 *4 

2 18 

309 

1 10 

* *7 

140 

4*7 

3 *7 

4 ** 

5 94 

4 57 

* 54 

I 1 49 

450 

* 7 * 

1 39 

44 

2 70 

ft 16 

*55 

1 90 

428 

5 <9 

4 37 | 

2 16 

1 34 

3 55 

*47 

1 56 


2 69 

1 69 

3 *6 

4 5 * 

3*3 

4 5 * 

388 

2 28 

*45 

4 20 

3 02 

1 11 

81 

*59 

* 4 * 

300 

3 37 

3 3 * 

3 93 

4*5 

213 

* 73 

3 ** 

4 3 * 

1 12 

84 

2 30 

139 

205 

4*7 

398 

5 *9 

4 74 

2 61 

1 67 

3 47 

4 49 

2 03 

57 

*97 

* 7 * 

245 

2 00 

4 54 

470 

4 86 

328 

2 3 V 

544 

5 5 * 

2 72 

54 

a 70 

*39 

4 3 * 

4 *3 

5 * 6 

6 69 

6 91 

’V 

1 1 5 1 

5 08 

464 

1°} 

33 

165 

1 *5 

3 10 i 

285 

3 55 

4 9 * 

598 

2 84 

a 09 

5 *6 

445 

2 II 


a 90 

136 

x 45 1 

(3 55 ) 

213 

4 10 

489 

*97 
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4 9 * 

3*7 

566 

S 4 ° 

3 59 

1 *78 

5 39 

7 oa 

4 2* 

1 17 

3 at 

*54 

240 

i 

264 

43 * 

631 

S 3 » 

3 3 6 

3 °3 

5 79 

4 73 

2 *1 

64 

* 93 

*45 


i 
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KKPORT— 1876. 


EXAMINATION OF 


8 

a 

Uh O 

O J 

a 

COUNTY. 

Construction 
of gauge 

Maker’s name 


Height of 
gauge. 

J § 

ii c 

i 

§ 

0 

OWNER 

0/wm r. 

1-9 

Above 

ground 

Above 

id* 

level. 


1S7 5 

1 


N egrett 1A Zombni 

9am 

fit m 

feet 

630 

A«g 3' 

GLOUCESTERSHIRE 

South Parade, Clifton 
i>A* & MURDER 

Dr Murder. 

V 

0 6 

192 

631 

Sept 10 

DEVONSHIRE. 

Martmlioo 

REV C SCRIVFN 

Dev C Scrum 

XII 

Merely 

Cftsolla 

Glass anon 

Irregu¬ 

lar 

I 0 

815 

631 

f 

1 

1 

Sept. 11 

DEVONSHIRE iurrnel 

Illraconibe Hotel I <lis- 

ILFRACOMME HOTEL CO MV 1 eliurg- 
Mr Tathum ' nig 

into 
lube 

Anon . , 

9 a ni 

12 6 

3 + 

1 

1 

633 

Oct 7 

1 

1 

Diuurui 

Ruby Cant to 

6 J SI 'MORS, FSQ 

Mr. 11 e&fcott 

X. 

Cuwlla .. 

9 a ni, 

1 0 

4G0 

634 

Oct 7 

DURHAM 

Wliurlton 

Jter A 1 V HEAD!,AM 

Jlev J IK Hcailum 

... 

Anon . ,, 

•* 

0 10 

400 

6 35 

Sept *7 

YORKSHIRE 

Gicat A} ton, Middlettboroueli 

MR DIXON 

ITT 

Anon ... 


4 * 

3 co 

636 

Oct 26 

KENT 

St Augtictmo'HMonastery, Rumug-ite 
Jikf r FATHER QtblUlI 

Rev Father Quctch 

X 

Negretti AZambra 1 

9am 

0 6 

i 


637 

Sept 15 

DURHAM. 

Eggloarliffb 

REV. J HULL 

The Gardener 

1 

XII 

On&ella 

1 

. 

911 m 

1 

1 0 

80 


* Thu mark denotei that th« gauge hoi a deep Snowdonlun rim. 
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JlAIN-GAUUEh ( ronUnue>!/torn Brit Astoc llep 1875, l> 111) 


£ ^ 

i JE jimalt ntH f 

1 rror nt A/umilh nurl an 


1 £ 

$ si i 

I walcr 

stale punt gular d valion of 


IS Jg 

1 flag’s a 



npttihed m of [« tts ftbo\c 

Remarks on position Ac 

[S g 

f 3 ’— § ii 

Snle 


puvious mouth of nun 


^ § 

1« a 



column giugo 



ln 

in 


1 m 



1 8 oo 

1 

12^0 

h oo i 8 V J icc ( r > 

In gm den at bwk of h mac and 

630 

8 oo 

2 

2510 

•f 002 s S \\ f f ISC 1 J c 

, mm h sheltered 


8 co 

1 

37 SO 

4 00j N h J n 4 o J 



, 7 94 

4 

5010 

4 - 004 



M 7 985 

I 





5 00 


500 

001 Molliuig injuuoue 

Unuge « ulv in piud at intervals 

631 

4 98 

2 

1040 

— 010 

ami m ml lily t >tal recorded 


5 CO 

3 

1510 

— 008 

Obsei uj hud an 8111 Howards 


4 9* 

4 

2ojo 

— 005 

lu In gauge 1 mi Iy 1 or red sug 


51 4 990 

5 

2470 

com < 1 

gt slid it at rt 1 turn and dad) itcoid 


‘ 12 00 

1 

2850 

torrid 

On apex of a mimmei house like 

631 

11 00 

2 

<700 

cone t 

(lit rinoimtu eland in grounds 


' 12 CO 

3 

8460 

+ 

of hold 


12 00 






Mia 000 






8 01 

1 

1 too 

— O03 N 1 t.ru nlu wh 22 

In garden N of Castle dear 

633 

798 

z 

25^0 

— 00! 

Clot pt us noted 


! 8 00 

3 

38 IQ 

cor ret t 



8 ci 

4 

5 C 5 0 

4- 003 



M 8 001 

5 

6350 

eoriut 



5 08 

l 

! 1 

4SQ 

4 - 006 Uitet) j r m garden 

Ibis is evidently a 5 111 glow ap 

* 34 - 

50? 

z 

990 

4- 006 1 ol 1 hurt li I 

plied to r gauge r > 1 (1 m diam¬ 


5 °7 

3 ! 

14S0 

4 - 015 

eter hence the recorded fall is 


„ 505 

4 j 

i960 

4 - 015 

t x> Iiu ge 


M 5062 

5 

3450 

4 “ 018 



5 01 

[ 

460 

4 - 007 N "W Irecs JO 0 

Gauge on a pedestal, very noketty 

635 

4 9 * 

2 

96° 

4- 006 

and not nell attended to 


5 00 

3 

1460 

4- 005 


« 

„ 5 00 

4 

1050 

+ 006 



M 5 000 

5 

245° 

006 



8 0! 

1 

1248 

4- ooz ^ angle of Mo 

Hood position in garden of Mo¬ 

636. 

8 00 

1 

2500 

+ 003 | naflU 1 y * 32 ° 

nastery 


7 99 

3 

3760 

+ °°4 



% 01 

4 

5050 

4- 003 



M 8 oo» 

5 

63CO 

4- 004 



503 

1 

520 

- 005 j ^ one Poplar, 30 ® 

Gauge on lawn Trees rather too 

«S7- 

496 

2 

1030 

— 066 S AV Aenuas 41 ° 

close, but probably not seiuibly 


498 

3 

1480 

correct N ^ W Ilcntie 3 Q* 

injurious 


„ +»• 

4 

I980 

— 001 Tfl Talnci 45 ° 



M 49*8 

5 

2500 

— 006 *3 K Acacia 35 ° 




1870. 
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«75 

638 Nor 


639 Nov 


640 Nov 


641 No 


64a Nuv 


643 Nov 


644 Nor 


J45,De° 


$46 Doc 


MEPOET—1876 


*XAMNA1I0\ OF 


C INU g & 

s 3 I 

( 1A t C J 

O ter r o 0 


M L 


WILISHIRI vu * <-“• “ 

J1 Gr e Ma ^ 

;/ 1 i lib 10 

1 r 4 1 


He ghb of 
gauge 

uuie P'd , . 

II I*-. -' 

| s oupu 1 e e 

ft feet 

9 1 o 47a 



atoitrsil RMUKB X \ fc *./« l>r»9 ft 06 

L y A«y o 8 
2 >/ WJJbR 


IIIRFb RDSH 1 KL N 

R cl on 11 luce II e d 
A J JSlblL 
A «/ M 


inRhFOKDSUlRA III Aon 

'll o v yl lie efo d 
1 A LHAJ MAX l S Q MD 
f A U p a A nq V D 


HLREFORDSHIKI HI A 

Ihe Urn g K m 
11 SOUTH \Il b£>Q 
H S out! U h*q 


8 MARION mil HI Cw*cla 

Uh wbr fl r 
MAJOR MATHtn 
V 0 Jb 


9 6 o 188 


9a n 13 


9 a 10 100 


9 a u 10 o 1100 


CARNARVON 
War* ok Houae I In d dnu 
DR RIC 01 
Dr N oi 


\ Negrot A/umbra 9am 1 0 


NORFOLK 
111 ! ngt n S I 1 
lb\ H FFOIKbs 
I v H Ffo Its 


NORFOLK 
H 1 ) ngton Recto y 

RFV H FFOLKP6 
Rtv H FfvUe 


NT Ncgr AZimbra 9 a 36 


\ N g A/on bra 9 a 10 


# Thu mark d note* tl at the gauge haa a deep Snow do an r m 



ON THE RAINFALL OP THE BRITISH ISLES 


RAIN-GAUGES {imtinuetl) 


lilt 

r r ; 

Equivalents of 
water 

Scale ( f , 
point °™ * 

Ei ror at 
scale point 
specified in 
prev 0 8 
column 

Azimuth and an 
gular elevation of 
object b above 
mouth of n m 
ga ige 

m 

in 


11 


498 

1 

500 

correc t 

tic ir 


a 

990 

+ 001 


A 97 

3 

1480 

+ 


j 08 

4 

1980 

4- 002 


M 5 on 

5 

2470 

1- 004 


7 75 

i 

135° 

— 007 

1 ir ij e e 

8 oa 

a 

2600 

— 007 


7 98 

3 

3850 

— 006 


8 03 

4 

5040 

— 003 


M 7 945 

5 

br ken 



8 ot 

1 

1390 

ooz 

W V W Uo HC 2 ° 

7 99 

a 

2540 

1 rr t 

5] Tree dd° 

799 

3 

3790 

+ 001 


8 01 

4 

$oao 

+ 004 


M 8 000 

5 

6300 

+ 00+ 


4 91 

I 

490 

cm t 


5 00 

a 

980 

eoi rc t 

1 

50a 

3 

1480 

— 003 


49a 

4 

1980 

— 005 


U 4965 

5 

1470 

— 005 


, 5 04 

1 

^00 

— 001 

N Inc 34 

5 00 

z 

970 

+ 004 

\ VV Tree 

4 99 

3 

1470 

+ 00 4 


5 00 

4 

1980 

4* 001 


M 5 00a 

5 

! 2460 

4- 004 


506 

1 

5°o 

— oor 

(leer 

498 

1 

990 

c nett 

I 

500 

3 

1480 

-1- 00a 

1 

„ 497 

4 

1980 

4- 001 


M 5 00a 

5 

2480 

coi red 


7 93 

1 

1300 

— 002 

N Tree 0° 1 

7 95 

a 

2 54° 

con ect 

8 36° 


3 

3790 

4- 001 

N W House 

808 

4 

5060 

4- 001 


1 M 7 99« 

1 

5 

1 6310 

+ 00 3 


499 

1 

480 

4- 003 

W Stile ol 2 2 j 

50a 

1 

970 

4- 004 

^1) fr 0 33° 1 

500 

1 

1465 

4- 005 


j 00 

4 

1970 

4- 003 


U 3 001 

5 

2470 

4- 00a 



8 oi j 
8 oo 
8 oo . 
A oi 

M 80051 


Remark* on position Ac. 


In meteorological en loaure 30 638 
Itetirom nearest (loft ) building 


Gauge ) ad been struck by a mow 639 
it g machine and very much in 
d t ted | 


Perfect!v clear on pen lawn , 641 


In angle cf a stack of elatea in 643 
the beet position Lh« wi rks af 
ford 


On lawn noar Rectory 
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REPORT— 1870 


EXAMINATION OF 


fi 

is 

Date of 
examination 

COT MY 

SUt on 

Construction 
of gauge 

Maker 8 an c 

*3 g) 

Height 
, of gauge 

owKbn 

Offerer 

a | 

H C 

1 

Above 

ground 

Above 

sea 

level 

647 

i 8 7S 
De< 21 

CAMBRIDGLSHIR1 
lie Observ torv C 1 b Ige 
IMt OfiSI HI AlOli) 
m rod1 

III 

CfHella 

8 a in 

n in 
1 0 

feet 

*5 

648 

1876 

^ Mir 16 

WFSTMORULAND 

K rkby S j 1 

7 \( 4 S()\ 7 SQ 

1 M so I sq 

MI 

Ctwella 

9 a n 

1 0 

574 

649 

Mur 16 

WbSTMORFLAND 

A pi leby 

DR ARMS!ROM 

Dr Ar astro g 

III 

A ion 

| 9 i m 

1 0 

44 a 

650 

liar 17 

YORKHHIRR 

M ekl Ion 

0 7 SIAfOAs /6 Q 

Mr Wad*e 


C aolU 

9am 

I 0 

775 

j* 5 ‘ 

Mur 17 

DIRHAM 

Gaininrd 

A ATKINSON AS Q 

A Atki tfton htq 

XII 

C eella 

9 1IU 

I 0 

250 

651 

Mar 17 

\ YORKSHIRE 

| Burning) am V irk 

| 1 SUS^XMILLBANK *SQ 

V 

Anon 


1 I 

650 

653 

Mar 17 

YORKSHIRE 

Rokoby Rectory 

RFV H WARM 

Rev H Clarke 


Caaella 

9 am 

1 0 

575 

654 

Mar 18 

DURHAM 

Wolmnghant 

MR 4 MITCHFIL 

Mr A Mitchell 

III 

An n 

9am 

1 0 

464 

655 

Mar 10 

NORIHUMAMT AND 
AUenhcacU 

W B BtAUMONT ESQ 

Mr Ktdd 

X. 

Negretti AZambra 

9am 

0 6 

« 3 S° 
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RAlN-QAUOrS (continued) 


ini | 

m 1 
« a 

Eqmv 

W( 

Sonia 

1 01 nt 

ilenU of 

iter 

Grama 

Error at 
scale point 
specified in 
previ ms 
column 

Azimuth and an 
gular deration of 
objoct* above 
mouth of rain 
gauge 

Remarks on position &a 

|j 
| § 

in 

in 


in 




498 

1 

500 

— 001 

F Iroe 30 ° 

Gauge in garden of the Observa- 

647 

5 01 

2 

98a 

4* 002 

L J0° 

t >ry fair positi in 


5 01 

3 

1480 

4- 001 

W Trwd 25 ° 



4 99 

4 

19$° 

4 006 

W A ppli I rt*e 10 ° 



M 5 000 

5 

2450 

-j- 006 




5 01 

1 

480 

+ 003 

R Wall 30° 

On edge of path in garden no 

648 

5 00 

2 

950 

4" 008 

N ireo f» 2 ° 

better position available 


5 

3 

1460 

4 oc6 

S W 28 ° 



5 00 

4 

i960 

+ °°5 




M 5 005 







808 

1 

1250 

4- 001 

Clear 

Gauge m garden F of house It 

* 4 * 

792 

2 

2550 

4* 001 


appears to have bt on made by 


800 

3 

3780 

4 - 002 


Mr Mardmll of hondal the 


8 01 

4 

5120 

— 003 


rc optuele being broki n a new 


M 8 001 

5 

6300 

t- 004 


gauge was supplied 


7 95 

1 

1250 

4- 001 

Quite clear 

In small enclosed paddock near 

65O 

8 01 

2 

2540 

— oai 


the middle ot the village 


7 98 

3 

37 70 

-f 002 




8 00 

4 

5050 

4- 001 




M 7988 

5 

6320 

-1- 001 




498 

1 

500 

— 001 

E Building * 38 ° 

Mr Atkinson has recently started 

65I 

5 01 

2 

1000 

, — 002 


a new verified 5 in Knowdon 


5 00 

3 

1460 

1 + 005 


pattern rain gauge i feet N of 


5 00 

4 

1950 : 

4 006 


till ubove 


M 4998 

5 

2470 

4 OQI 

j 




5 °3 

1 

480 

4 003 

Q ute dear 

On lawn S S W of house 

651 

5 00 

2 

. 95 ° 

4~ 008 


[ 


♦ 98 

3 

1 145 ° 

4 008 




500 

4 

1980 

4 001 




M 5 002 

5 

244° 

4 008 




8 00 

1 

I 1170 

corre<t 

^ Clour 

In Rectory garden near corner of 

6# 

8 00 

2 

1 * 54 ° 

( ire l 


lawn 


8 00 

3 

1 378 o 

4 002 


1 


8 00 

4 

5080 

coireit 




M 8000 

5 

j 6350 

oorrn t 


| 


498 

1 

475 

4 004 

Nothing ivir 20 ° 

In gaiden N of house fairly 

« 5 + 

5 03 

2 

97 ° 

4 C05 


open 


500 

3 

1470 

4 004 




501 

4 

' 97 ° 

4 003 




t M 5005 

5 

2490 

— 001 




7 98 

118 

1530 

— 001 

iS W Chimneys of 

In small yard at rear of mining 

653 

807 

*44 

3 HO 

— 003 

house do 0 

offices 


7 99 

5 

6410 

“ 005 

S Wall, 20 ° 




798 
M 8005 
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REPORT—1876 


TABLES OF MONTHLY RAIN- 

ENGIAND 


Division T —MimiiT’SEV 


Div II —S F CocNTirs 


Height of 
Run gauge 
above 
Ground 

Sea level 

C am Ion 
Square 

0 ft ft in 

111 ft 

187-4 187 ^ 

Mu 1 

x I 
C laj 

1 ft 
OH 

1871 

FwKX 

[>er 

ton 

Tim puload 

Sq i r a 

M int 

1 ft 0 n 

JH8 ft. 

1874 187 r > 

M is vs ell 
llill 

Si r 

Dunsf 11 
Godalming 

2 ft ft n 

iw a 

1871 | 187 o 

Hnr 

Weybndgo 

Heath 

1 m 
ft 

187 j 

0 ft M vn 
3 iu ft 

1 K 74 | 1 H 7 > 

Oft 

IK] 

1874 

0 in 
ft 

1875 


m 

in 

111 

in 

m 

111 

m 

in 

in 

m 

in 

in 

January 

i 18 

3 22 

1 14 

2 74 

< 34 

3 21 

1 46 

3 3 ° 

1 60 

3 77 

1 19 

3 76 

February 

9 * 

1 06 

82 

84 

1 10 

] 03 

1 1 6 

1 09 

2 03 

* 33 

1 5a 

r 28 

March 

39 

69 

5 1 

57 : 

62 

77 

67 

79 

4 * 

83 

49 

55 

April 

i 26 

* 53 

1 21 

1 38 

* 33 

1 90 

1 43 

1 40 

2 15 

98 

1 69 

1 65 

May 

1 14 

1 61 

' 1 36 

1 68 

1 08 

I 62 

7 i 

2 33 

93 

98 

1 11 

* 3 * 

Juno 

205 

4 40 

1 88 

2 JO 

2 11 

2 17 

242 

1 89 

2 96 

2 54 

3 54 

*74 

July 

82 

463 

2 47 

All 

1 11 

467 

88 

5 20 

4 24 

411 

* 33 

4 53 

August 

1 32 

1 79 

| * H 

*3 

* 77 

98 

l 46 

1 5 ' 

1 71 

1 35 

1 44 

84 

September 

2 62 

486 

1 2 63 

2 67 

3 04 

1 36 

3 a 3 

287 

3 47 

i 45 

301 

1 64 

Ootobor 

3 34 

4 35 

1 3 ** 

3 94 

3 6 4 

3 94 

3 60 

407 

4 38 

4 79 

4*3 

4 39 

November 

2 21 

3 3 6 

1 97 

311 

4 24 

3 03 

2 11 

3 61 

3 90 

3 7 o 

2 61 

3 1 

j December 

158 

Jt 

, 1 531 

82! 

1 65 

1 05 

2 09 

1 1 + 

1 9a 

68 

1 65 

1 00 j 

Totals 

18 81 

1*44 

1998 

i6 35 

21 01 

2643 

1 21 22 

30 20 

27 68 

26 51 

23 70 

27 07 


Division II —South Easteev Cointies (contimwl) 



Kkst ( continued ) 





Si 88EX 


| 

Height of 
Bain gauge 
above 
Ground 
Sm-level 

River Hen! 
Sevenoaka 

Aool 

Margate 

Sidrup 
loot a Cray 

| Brighton 
Lewes Road 

Chichester 

Shopwyke 

Bleak House, 
Hastings 

0 ft 0 in 
300 ft 

1 ft 0 in 

00 ft 

Oft 8 in 

231 ft 

3 ft 8 in 
»0ft 

1 ft 2 iu 

61 ft 

1 ft. 1 In 

77 ft. 


1874 

1875 

1874 

1871 

1874 

187o 

1874 

1875 

1874 

1875 

1874 

1878 

January 

February 

March 

April 

My w 
June 

July 

August 

September 

October 

November 

"December 

in 

1 96 

214 

72 

•12 

3 9 * 
307 

1 21 

37 * 
3 7 * 

2 >7 

3 60 

m 

5 *7 

■it 

1 *4 
> 35 
3*7 
4*3 
144 

184 

481 

\\\ 

in 

86 

79 

78 

141 

94 

<43 

63 

l 17 

185 

*75 

1 4 < 
*45 

in 

•ji 

68 

< 33 

1 78 

1 49 
409 

1 62 

1 80 

)$ 

<33 

in 

97 

1 39 

43 

1 50 
63 

2 70 
80 

2 10 

*74 

4, i 

146 

1 28 

in 

* 79 
82 
48 

1 17 

1 16 

2 71 

4 9 * 
185 
224 

411 

3 3 J 

96 

in 

2 52 
< 57 
7 < 

* 93 
4 < 

1 88 

2 02 

124 

3 95 

4 4 * 
263 
291 

in 

4 34 

2 00 

89 

1 18 
140 

3 5 ° 

3 33 

< 55 

2 io 

4 5 * 

5 75 

< *5 

m 

2 32 

1 71 

.!$ 

34 

1 26 
266 

2 26 
2 90 

4 7 * 
2 80 

*73 

in 

4*9 

1 74 

B 

1 20 

3 55 
*73 

1 11 
*51 

5 97 

5 a 

in 

2 14 
*5 
75 

*l° t 

124 

5 * 

1 61 

34 * 

407 

200 

«6s 

in 

40 J 

B 

<*4 

9 * 

% 12 
221 
141 
1*9 

l 47 

6 it 

“49 

Totali 

33 H 

31 ** 

17 +7 

*5 47 

11 11 

26 51 

*7 <9 

31 *1 

*7 <3 

3113 

la <7 

3♦<#: 
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PALL IN THI BRITISH ISIIS. 

I\GTAND 

Division IT — 1 S nti F iSTtKN Countils {coni nut l) 


Slrhky (rw»/n ed) Ktvr 


Guild lord 
Guiklown 

hcMT 

Observatory 

Kern mgt n 
Rem X 

C 1 t rb ry 
Itr lge Stre t 

If vt? 0 

Ii ton 

Ma dstono 

Falcon bunt 

I 1 den bridge 

Oft It m 
220 ft 

1 ^ ^ 

5 ft 0 in 
: 1) ft 

1 ft ( 

j n 

ft 1 

0 ft ( 

1- ft 

0 ft 1 
H 

1 » 
ft 

I 1 ft 0 in 
| 400 ft 

1874 

187 o 

1874 

18 " | 

18 4 

18 

j 1874 

is " ! 

I8-4 

187 

1871 

I 87 f 

1874 

1875 

in 

i 

m 

m 

98 

m 

3 00| 

in 

P 

1 2 84 

n 

> 56 

368 

2 a 3 

442 

1 27 

in 

3 62 

in 

* 47 

in 

3 lo 

187 

1 59 

1 16 

93 ' 

82 

1 79 

1 29 

86 

1 08 

1 31 

» 3 1 

93 

l 30 

'ill 

47 

1 0 92 

44 

j 61 

8 

60 

98 

61 

1 3 

82 

33 

9 * 

77 

1 81 

1 23 

1 16 

1 70 

1 10 

} 2 <>7 

2 20 

1 22 

3 5 i 

H 

1 91 

1 38 

2 46 


59 

1 13 

60 

1 39 

1 07 

1 06 

1 05 

93 

172 

1 1 

1 38 

57 

110 

*97 

2 60 

2 51 | 

a 63 

2 62 

a 18 

1 72 

2 '5 

a 5 H 

216 

2 63 

a 30 

2 55 

*93 

114 

476 

1 16 

4 77 

97 

421 

80 

590 

2 34 

43 * 

72 

5 60 

244 

4 5 > 

r 74 

1 17 

i 1 2 9 ; 

*5 

; o 

1 03 

1 90 

1 67 

37 

2 51 

2 07 

138 

241 

1 36 

1 69 

1 36 

293 

a oa 

158 

1 96 

a 63 

113 

5 1 5 

3 °4 

301 

a ao 

305 

1 86 

4 * 9 ! 

463 

1 3 > 5 , 

3 81 

342 

3 82 

3 *6 

3 55 

3 5 ° 

486 

3 59 

385 

5 21 

540 

*44 I 

4 >0 

a 31 | 

1 94 

a 25 

a 65 

a 38 

6 02 

2 6 

8 8a 

1 98 

4 39 

2 69 

4 *3 i 

1 54 

1 56 

1 4a 

93 

* 3 * 

73 

l 36 

1 80 

3 21 

3 *4 

2 95 

1 30 

*54 

> 54 

1188 

a8 06 

19 61 

15 39 

*7 37 

1348 

2119 

3065 

32 28 

3803 

*3 49 

3025 

2846 

30 35 


Division II uni L astir v ( nrNitk# ( coni m c /) 






SuAHl X ? r 

>) 




rortli 

017 

ITa manual 

Dale Park 
Arundel 

Fastboumo 

ITckfiel 1 
Observatory 

CluIgro\o 
Cb 1 enter 

Balcomb 

Place 

C 1 Vfl Id 

Petn 

Rect 

St Lftwrefttyj 
Iile of 

dft 

5 in 

4 ft 

0 m 

ft ft 

0 

Oft 

fin 

1 ft 

8 r 

-ft 

Oin 

1ft 

Oin. 1 

310 ft 

lttoft 

140 ft 

284 ft 

,00ft 

100ft 

75 ft | 

1874 

1875 

1874 

1875 

1874 

18-5 

1874 

187 o 

18-4 

I 87 r > 

1874 

1875 

1874 

18715 

in 

in 

in 

in 

in 

in 

n 

in 

n 

in 

in 

in 

in 

In* 

215 

,8. 

a 58 

4 ** 

2 aa 

388 

a 56 

475 

a 05 

3 57 

*43 

450 

* >4 

5 ' 2 * 

226 

I 90 

1 27 

1 28 

1 90 

1 IS 

* 33 

141 

1 j8 

*;> 

3 08 

1 98 

1 J 5 

•n 

5 ° 

140 

7 i 

S 3 

69 

7 1 

61 

1 50 

1 00 

*5 

S 3 

* *5 

76 

77 

*34 

> *5 

* 7 * 

1 48 

2 27 

87 

a 80 

1 39 

238 

94 

183 

127 

*34 

144 


1 20 

80 

9 > 

59 

1 28 

40 

1 22 

4 * 

1 08 

a 06 

131 

61 

93 

266 

2 30 

1 21 

a 78 

2 10 

3 74 

3 c 9 

3*3 

2 22 

3 4 * 

3°7 

3 »* 

1 26 

204 

355 

3*5 

1 08 

2 91 

58 

340 

> 43 

4 39 

2 27 

4 54 

1 66 

398 

5 « 

*I 5 - 

tjto" 

210 

1 30 

>51 

2 12 

> 97 

>45 

1 51 

1 66 

*38 

1 61 

270 

>45 

>45 

490 

3 61 

3 79 

3 *» 

3 >5 

1 80 

*74 

2 61 

361 

1 84 

3 55 

a c6 

3 6j 


4 !' 

*67 

5 3 ° 

4 66 

J °5 

418 

4 *>4 

4 93 

559 

3 81 

544 

5 73 

J8» 

4*3 

J 0? 

49 1 

* *5 

6 01 

2 66 

481 

2 82 

s *« 

348 

4 99 

3 5 6 

464 

3 >7 


1160 

ys 

1 1 *3 

> 7 « 

•»», 

1 18 

*79 

1 35 

1 17 

1 03 

J_Z 

1 69 

afiS 

r 


V7i 

H 68 

3180 

*4*5 

1902 

2901 

35 38 

1778 

ji }8 

3471 

34 >4 

*5 59 

3 > 95 


44 J 
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ENGLAND 


Division II —South Eastern Countiks (continv d) 


HvMirfun k (ro ih f) 


Height of 
Haul gai ge 
above 

Tele of 

de 

Wight 

Oeb rno 

I§le f W igl t 

Otterbouri 

W it linstor 

l adlin 1 

Soith 1 [ ton 

Selborne 

LlBfl 

4 eterefleld 

Ground 

7 ft 

0 in 

0 ft 

8 i 

1 ft 

*31 

4 ft 

( 1 

4 ft 

0 in 

7 It 

7 in 

S a level 

JO ft 

l ~2 

ft 

11 

A 

2 

ft 

400 ft 

2>0 ft 


1874 

187f 

18~4 

187*7 

1*74 

187 

1874 

1875 

1871 

187/5 

1874 

1875 


in 

in 

in 

n 

in 

11 

in 

in 

in 

i~ 

in 

m 

January 

i 6i 

4 28 

1 82 

4 30 

1 86 

4 58 

2 29 

5 

1 36 

5 to 

2 89 

504 

1 ebruai y 

1 38 

a 79 

2 18 

2 74 

1 98 

2 55 

2 64 

2 97 

342 

2 20 

2 23 

I 20 

Mart’ll 

22 

93 

46 

69 

47 

9 1 

58 

75 

77 

I JO 

75 

1 09 

Ap U 

2 52 

1 28 

2 70 

1 07 

247 

1 22 

3 °7 

) 46 

1 93 

I 74 

363 

96 

May 

49 

94 

61 

1 21 

3 6 

1 98 

98 

2 13 

42 

1 95 

2! 

I 46 

J me 

1 69 

a 31 

1 63 

1 97 

■ 8l 

43' 

1 98 

321 

2 63 

3 60 

I 92 

4*5 

July 

1 91 

3 52 

75 

3*3 

99 

4 16 

1 70 

3 9 2 

i 03 

646 

8l 

5 

August 

iS, 

S8 

a 46 

1 05 

2 62 

2 76 

2 99 

2 12 

307 

1 3 * 

2 6l 

1 01 

September 

3 07 

178 

2 96 

1 43 

450 

1 34 

3 75 

1 67 

176 

1 87 

3 3 1 

258 

October 

4 61 

5 *4 

l 467 

5 11 

4 5 2 

4 66 

5 43 

657 

628 

5 83 

5 4 * 

5 78 

November 

4 16 

566 

3 3*1 

448 

3 ro 

4 57 

3 79 

467 

40a 

4 73 

3 60 

4 61 

December 

3 

1 a 5 

2 92 

1 20 

199 

59 

1 4i | 

1 2 * 

3 32 

1 61 


x 60 

1 Otftlfl 

2844 

31 46 

16 48 | 

2848 

26 69 

33 **3 

31 61 

15 79 

33 

37 7* 

3056 

34 5* 
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ENGLAND 


Thvunon 11 —Houm- 

Evstlkv Cobnuts 


Division III — South Midland Counties 


(continue l) 


Hampshire 

(cad ed) 

Aldershot 

BbitKSIMRF 

Long 

Wlltc ham 

] 

Berkhomp 

ettnd 

FIertfordshihi 

Boynton 

Hitch n 

Oxrotti 

Rodcliffe 
Obeervat ,ry 

tnmiRB 

Banbury 

Oft 

b In 

1 1ft 

0 in 

1 ft 

( 11 

0 ft 

(\ in 

1ft 

0 in 

Oft 

11 in 

I 7 ft 

Oin 

32 o ft 

1 170 ft 

370 ft 

2( J ft 

-d8tt 

M ft 

LiOft 

1874 

1 187 ', | 

1874 

1 ST ^ 

1874 

187 j 

1874 

l 

187 

1874 

1875 

1874 

1875 

1874 . 

1875 

m 

in 

m 

n 

in 

n 

1 

in 

11 

n 

11 

in 

m 

in 

m 

i 71 

4 53 ! 

Z 28 

4 10 

2 16 

3 *9 

1 40 

2 09 

1 5 a 

2 15 

2 30 

3 57 

2J 5 

269 

2 12 

305 

»74 

1 60 

a 19 

1 18 

1 22 

75 

1 41 

1 05 

1 68 

1 45 

1 95 

9 6 

4 6 

64 

61 

77 

82 

75 

86 

47 

72 

6 3 

61 

1 09 

»5 

80 

2 21 

1 64 

7 05 

I 27 

a 28 

1 47 

1 37 

! 42 

1 84 

1 58 

1 1 28 

1 46 

I4 5i 

* '3 

77 

1 65 

*4; 

I 2 Ol 

1 83 

1 46 

1 01 

I >0 

62 

2 00 

1 56 

1 76 

, 76 

2 ia 

2 21 

* 55 

67 

2 32 

1 21 

3 73 

1 26 

1 88 

1 35 

a 75 

68 

2 96 

5° 

a 97 

1 30; 

$ 88 

1 09 

; 4+6 

93 

5 *4 

53 

4 5 * 

2 05 

6 24 

49 

4 7 ° 

214 

5 39 

224 

> 54 

1 61 

I 1 35 

1 69 

1 56 

1 17 

* 57 

1 11 

1 32 

1 82 

1 80 

2 09 

1 la 

2 72 

1 70 

342 

1 1 54 

4 01 

a 62 

2 80 ! 

2 66 

3 01 

1 07 1; 

3 34 

a 03 

321 

»j 8 

4 3 + 

606 

3 11 

; 7 39 

3 ,6 

6 54 

2 19 

3 06 

259 

3 94 

3 13 

7 53 

3 1 3 

7 80 

2 04 

429 

* 17 

! 3 79 

a 37 

4 02 

a or 

3 6 5 

1 96 

4 16 

*53 

3 7 * 

*5* 

484 

2 36 

1 79 

2 34 

1 9 6 

1 57 

1 11 

1 97 

79 

2 07 

1 04 

1 8a 

«7 

181 
_1 

1 12 

144* 

35 3 * 

11 58 

j 3 a 5 ° 

25 14 

33 87 

17 79 

26 36 

20 25 

18 9j 

21 14 

31 98 

*3 54 

14 3 * 


Division IV —Easturn Countiis 


Fskex 


Phe Hem nail a 
Epping 

Dorwnrd * 
Hall Wttham 

1ft 6 in 

JO ft 

Dunrnow 

0 ft 0 in 
J 50 tt 

Booking 

Bra ntreo 

1 ft 0 in 

Anhdon 
Rectory «■ 

l ft 0 in 
300 ft 

Grundieburgh 

3 ft 9 in 

Cull 

Bur 

Bdm 

1ft 

ord, 
y St 
an 4 «. 

Oft 8in 
346 ft 

6 m 

1874 

1875 

1874 

1875 

1874 

1875 

1874 

187 > 

1874 

1875 

1874 

1875 

1874 

lftT'i 

in 

in 

in 

in 

in 

in 

in 

in 

in 

m 


in 

in 

m 

47 

3 26 

] 12 

2 19 

il A 

2 48 

I 20 

2 28 

I 46 

3 00 

99 

1 91 

> *4 

*H 

1 14 

9* 

75 

75 

36 

7 * 

1 04 

98 

?* 

85 

1 02 

96 

75 

1 21 

7 * 

61 

88 

46 

74 


1 i) 

5 i 

60 

4 ° 

69 

53 

I 07 

1 

1 ji 

14* 

1 28 

1 40 

1 12 

1 18 

1 44 

1 32 

108 

84 

1 36 

» *3 

69 

*05 

66 

241 

81 

2 

90 

1 53 

82 

1 93 

1 66 

1 9 ; 

* 5 i 

2 36 

49 1 

4 *5 

a 86 

302 

1 93 

1 79 

*43 

425 

2 16 

3 16 

1 40 

* 33 

1 3, 

2 68 

1 64 

1 4 *3 

4 95 

586 

1 37 

448 

- 01 

3 9 ° 

I 14 

4 99 

* 58 

5 °9 

1 *8 

4 2 3 

76 

5 38 

I 07 

1 08 

9 6 

56 

1 57 

85 

1 53 

81 

1 20 

82 

1 ,4 

0 61 

1 18 

sit 

300 

3 33 

1 81 

264 

2 04 

* 5 * 

2 61 

*94 

*47 

3 56 

*95 

2 21 

3 i + 

2 6> 

9 97 

363 

2 87 

444 

3*4 

310 

243 

3 4 ° 

2 69 

3 541 

1 69 

4 So 

2 08 

3*4 


409 

1 90 

3 5 * 

2 25 

3 59 

2 19 

4 °4 

2 00 

4 26 

*34 

4 88 

2 62 

5*6 

**33 

J 37 

* 33 

47 ! 

1 3 * 

89 

203 

1 17 

* 77 

89 

I , 7 i! 

*43 

1 17 

i *4 


31 06 

| 1802 

* 3*5 

19 62 

*5 43 

19 88 

2763 

| i 3 83 

*7 57 

1807) *75 r 

17SJ 

29 18 


SimjiK 
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Division V,— 

1 

Division IV.—Eastern Counties (continued) 


South-Western j 











COUNTIBS. 





NoHMLK 






Wilts 


Height of 
Rain-gauge 
above 
Ground 

Geld extern, 
Beoclea 

Cossey, 

Norwich 

Hnaffham 

lTolklutm. 

Wilton, 

Salisbury 

Marlborougli, 

MildenhaS 

1 ft 0 m 

1 ft 0 in 

1 ft. 

0 in 

0 ft 0 in 

0 ft. 6 in 

l ft 0 in 

Sea-level 

40 ft 



100ft 

30 ft 

180 ft 

407 it 


1874 

1875 

1874 

1875 

1874 

1875 

1874 

1875 

1874 

1875 

1874 

1875. 


in 

in 

in 

in 

in 

m 

m 

in 

in 

in 

in 

in 

January 

*9 

1 70 

1 07 

2 23 

1 41 

248 

' *5 

1 70 

2 80 

4 7* 

3 *3 

455 

February 

97 

97 

1 nS 

1 29 

V 

1 33 

1 35 

1 68 

300 

2 $6 

2 49 

a 14 

March 

93 

5* 

85 

5 6 

1 21 

57 

1 os 

77 

60 

* 54 

1 09 

* 35 

Apnl 

May 

1 03 

75 

1*04 

69 

1 12 

88 

1 25 

8c 

2 10 

* 54 

1 62 

* 57 

1 23 

1 35 

] 94 

1 49 

81 

1 79 

1 08 

95 

80 

1 69 

59 

*44 

Juno 

191 

1 75 

2 06 

* 57 

1 96 

* 54 

1 30 

a oi 

1 20 

2 98 

89 

2 70 

July 

* 

4 '3 

I II 

5 °8 

1 07 

5 96 

60 

831 

90 

4 06 

1*7 

5 33 

August 

1 73 

075 

* 35 

69 

2 06 

1 62 

1 65 

99 

a 50 

a 39 

a 46 

2 jS 

September 

3 68 

1 00 

3 19 

241 

2 81 

241 

1 02 

1 80 

4 3 ° 

2 01 

3 9 * 

3 50 

October j 

1 30 

3 *9 

1 65 

3 56 

1 66 

3 00 

225 

2 30 

5 *° 

6 03 

437 

7 22 

November 

1 35 

5 29 

3 16 

5 81 

280 

5 25 

2 70 

563 

3 00 

47* 

289 

408 

December 

2 46 

1 78 

*45 

2 39 

287 

1 89 

3 10 

*75 

3 4° 

1 21 

* 3» 

1 16 

Totals 

1 

21 00 1 

24 68 j 

20 95 

2778 

20 69 

28 72 

19 60 

29 75 

2970 

35 33 

27 10 

| 3 * 1 » 


Division V —Soutit-Wkstfen Counties ( continued ). 


De\onshihk (continued) 


Height of 
Rain-gauge 
above 

Landscore, 

Teignmouth. 

Clevelands, 
1<) me Regis 

Core, 

Tiverton 

Castle Hill, 

S Mol ton 

Clawton, 

Holsworihy 

j 

Barnstaple 11 

1 

Ground 

Sea-level 

0 ft 6 in 
200 ft. 

1ft 11 in 
463 ft 

0 ft 4 in 
450 ft ? 

3 ft 1 in 

30 Oft 

lfUm 

400 ft ? 

1 ft Ob. 
31 ft 


1874 

1875 

1874 

1875 

1874 

187 S 

1874 

1876 

1874 

1875 

1874 . 

1875 . j 

January 
February , . 
March 

April 

tfay 

August , 
September 

December .. 

in 

3*37 

3 3 s 
*87 

a* 52 

1 19 

t7 l 

1 18 

2 02 
570 
* 49 
4 * 4 * 
5'77 

in 

5 63 
a j 2 

1 48 
r6i 
286 
3-61 
4 38 
* 5 * 
4*43 
9 -n 
599 
109 

in 

281 

303 

’*3 

*34 

1 04 

3*°3 

127 

1 99 
680 
5 66 
3*46 
4 39 

in 

6 11 

* »5 
98 

* 53 
2 82 
286 
4*61 
3*1 

2 89 
815 

®‘45 

•98 

in 

453 

401 

* 3* 

\ll 

1 20 

2 40 

4*59 

7-56 

5 3 ° 
3 * 5 1 
690 

in 

632 
* *3 
175 
*47 
306 

399 

3-91 

3 53 
3*3 

9 64 
6*71 

150 

in 

5 38 
232 

2 12 

1 98 

36 

•92 

40° 

6 
640 

3 00 
10 08 

in 

8 20 
2 04 
! 68 

2 13 

3 74 
3 61 
278 
*55 

5 37 
7 ‘ 8 5 
8 21 
225 

in 

3*89 

3 *5 
* 95 
*' 47 , 
99 

1 97 
3*°4 
488 
8-19 

3 3 * 
294 

574 

1 n 

8*04 

1 76 
1*65 

*95 

2 05 

3*57 

276 

2 56 

ill 

74* 

*«9 

in. 

4*06 

281 

2-07 

1 89 
70 

148 

2 77 
5*5 

5 93 

s» 

7 >0 

in. 

3 * 79 1 
179 

r *I 

a'i 5 ' 
2'61 | 
40t| 

3*35 

8*30 

7‘*5 

1*01 

Totals. 

4160 


J* 4 J 

4**54 

43*95 

48*64 

50 70 

50*41 

4 ** 5 * 

4 * 4 * 


4m' 
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Division V — South -A\ fhtvrn Couniifs (continual) 


Wit T 9 



Dorset 





Pen oKsniRK 


1 

1 

(contini ed) 






1 







Chippenham 
TytnorUm j 

Pongt horns 

Wt ymoutb 
Osin ngton 

t*1k 

, Sluftesbury 

j 

Saltram 

Fore Street 
Hill 

kingsbridgn 

Ht lne Vie 
Dartmoor 

i ft : 

2 in ! 

0 !> 

4 n 

1 it 0 n 

1 it 

*1 in 1 

1 0 ft 

S n 

1 a 0 m 

1 a 0 m 

1 >7 a 

340 n 

ii'i a 

722 ft 

»0 ft • 

fllft 

ftftOft 

1874 | 

1875 | 

1874 

1 H 7 

1874 

187 > 

1874 

187 » 

1874 

187 o 

1874 

187 ft 

1874 

1875 

- _ 

in 

11 1 

in 

in 

in 

n 

in 

in 

11 

in 

in 

in 

in 

m 

a 8i 

416' 

3 33 

5 6 7 

2 94 

5 5 6 

a 94 

444 

7 89 

10 37 

508 

7 64 

9 81 

>♦19 

i 88 

2 01 

3 4 i 

2 67 

242 

2 99 

2 39 

2 74 

3 98 

1 50 

4*5 

1 79 

7 41 

*70 

91 

78 

46 

I 12 

66 

1 17 

63 

86 

1 36 

1 43 

1 14 

1 17 

1 71 

a 70 

1 30 

175 

1 09 

* 55 

2 26 

1 23 

2 9S 

1 87 

2 56 

3 So 

2 17 

1 81 

4 99 

* 87 

34 

a 49 

45 

1 72 

61 

223 

83 

251 

89 

90 

1 29 

*45 

138 

*77 

1 09 

2 58 

* 57 

275 

1 50 

1 89 

2 12 

278 

1 * 35 

365 

1 89 

3«5 

9 10 


73 

5 37 

1 41 

5 *9 

98 

3 &9 

1 71 

5 9 ' 

•75 

5 39 

1 55 

5 co 

1 79 

6*4 

1 69 

1 31 

278 

1 63 

2 80' 

a 79 

3 19 

1 04 

2 25 

344 

2 65 

a 14 

6 19 

421 

4 93 

3 34 

3 93 

1 03 

3 74 

a 36 

6 '5 

1 53 

9*5 

679 

4 4 * 

7 80 

883 


5 55 

7 36 

5 *4 

8 32 

5 81 

SiS 

5 6 9 

6 90 

7 3 6 

M 5 

687 

680 

10 83 

12 04 

x 14 

398 

3 53 

5 4 ° 

3 3 8 

5 fi 7 

a 56 

5 >° 

| 4 7 o 

6 oa 

419 

689 

53 

10 j 5 

4 27 

0 87 

3 >4 

1 30 

4 16 

* 35 

2 61 

1 41 

5 54 

a 10 

746 

2 22 

i °33 

r 37 

i *+65 

36 01 

3 * 74 

| 38 60 

31 26 

19*8 

33 9 * 

jgo 9 

| 49 78 

53 74 

4} 16 

49 S6j 7 * 9 * 

7*19 


---—- •--> 

Division V — South-Western Countifs (continued) 


I* C K’SWALr 


Crowan 

Camborne 

Pensanoe 

T huly Pork 
Redruth 

Truro Rojal 
Institution 

Trevama 

St Austelf 

Bodmin 
Castle Street 

AltamynL j| 

0 ft 6 in 

8 ft 0 m 

Oft 

ft m 

40ft Om 

Oft 

0 in 

2 ft 4 in 

lft Olu j 

610 ft 

04 ft 

100 a 

ftO ft 

100ft 

338ft 

wo* J 

1874 

187ft 

1874 

1871 

1874 

187 > 

1874 

1875 

1874 

1875 

1874 

1876 

1874 

1876. ,1 

HT" 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

a 1 

5 62 

8 6+ 

5 >5 

9 54 

4 53 

6 90 

4 80 

798 

5 34 

955 

5 7° 

9 93 

>5* 

H 7 S 

386 

a 57 

370 

3*4 

4 °5 

215 

435 

*45 

411 

* 74 

522 

* 59 

5 °4 

*44 

131 

1 30 

i 58 

1 20 

4*5 

1 35 

1 17 

* 39 

i 82 

1 59 

2 03 

1 78 

2 7* 

§ 

114 

*39 

268 

*54 

1 80 

2 00 

1 96 

1 94 

2 76 

>49 

*34 

204 

361 

So 

JM 

68 

288 

1 08 

230 

1 34 

*3S 

5* 

320 

94 

291 

96 

3*7 

180 

3 5* 

2 24 

3 33 

2 00 

3 10 

1 84 

156 

192 

408 

2 05 

3 33 

226 

433 

* S3 

3 70 

I 38 

340 

1 50 

a 80 

1 60 

2 70 

1 30 

3 57 

1 99 

3 ao 

114 

5 5® 

408 

*50 

307 

1 99 

3 90 

3 45 

3 7 1 

178 

4 3* 

230 

456 

2 66 

<5$ 

• 9 * 

7 «5 

4 55 

5*5 

495 

6 30 

a 50 

590 

5 53 

7 54 

748 

' 5 

740 

776 

*ro* 

0 11 

7 47 

561 

8 77 

5 *5 

6 10 

4 59 

7 *7 

4 78 

985 

>33 

*49 

toe 

73* 

4 59 

500 

5« 

661 

410 

679 

443 

5 80 

5 4* 

8 27 

4 73 

6*3 

5« 


*■4 

3_3*_ 

99*: 

JIX 

770 

3 60 

g 04 

2 21 

943 

2 64 

<72 

*73 

*991 

3 57 

47*83 

a , 1 

41*8 

4*47 

3*57 

4«4« 

45 °4 

43 73 

««< 

49 34 

5676 

4816 

S*9o 

61 10 

*i»j 
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HE PORT— 1876, 


ENGLAND 


Division V — Soum Wesilrn Cot NTrcs (continued) 


Division VJ —West 
Midland Counties 


SOUEKHKT 


OlOlCEBTKR 


Height of 
Ram gauge 
above 
(Ground 
Sea level 


January 

February 

March 

April 

May 

June 

July 

August 

Septembtr 

October 

Nm ember 

December 


F illnml a 
Sch I 
Taunt n 


2 ft (> in 
30 ft 


‘sborb ri e 

Reserve r 
1 ]i»rptree 

i ft Oil 
138 ft 


R it hcast* n 
R »nr\oir 


2 ft 0 in 
22b ft 


0 ft 0 m 
192 ft 


The Firs 
Cirenoester 

Oft 8 in 
3 >2 ft , 


1875 

1874 

1 H 75 

1874 

1873 

m 

in 

m 

in 

m 

4 85 

3 93 

5 *4 

3 *8 

5 3 ® 

0 00 

a 40 

0x5 

030 

x 56 

1 ID 

a 14 

1 46 

i 08 

1 07 

1 80 

1 99 

a 09 

» 59 

1 98 

1 35 

66 

a 87 

1 01 

139 

3 IS 

1 06 

3 5 1 

1 84 

342 

605 

1 56 

5 99 

i 09 

5 5 6 

1 3 ° 

464 

1 79 

3 is 

111 

4*5 

7 07 

4 60 

5 45 

0 80 

6 35 

3 8x 

698 

381 

7 8* 

4 45 

0 36 

608 

081 

5<>4 

80 

3 61 

1 08 

078 

1 64 

^7 

35*5 

4405 

3031 

4° 79 


Division VI— West Midland Counties (continued) 


Division VII — North 
Midi and Counties 


WoKfrMta (c<? t ted) 


LricrsTKK 


Height of 
Ram gauge 
above 
Ground 
Sen-lev d 


0 ft 8 in 
112 ft 


Orlft n 
1 enb try 

0 ft 0 n 
200 ft 


Vr leu House 
Henley in 
Arlen 

2 ft 2 n 
400 ft 


Uirmmghatn 


0 ft 8 m 
340 ft 


Floikney 
Market 
Hub ro 

Oft 8 m 
411 ft 


Thornton 

Reservoir 

2 ft 8 m 

420ft 


1874 1871 1874 1875 1874 187ft 1874 | 187ft 1874 1875 1874 l»7fl 


January 
February 
March 
April 
May 
June , 
July 
August 
| Septom ber 
October ^ 
November 
December 


H73 35 *7 ** 74' 37 4*1 


*7 88 \ 39 36 


3 98 x 49 J9« 

1 07 lOl 111 

3659 xo 18 3J1I 
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ENGLAND 


Division VI — Wr»r Midland Counties (continued) 


GLOrCBSTErt 

(c nt nued ) 

Heel 

OKU 


SiiHorsi ik* 


Stappori 


WORCESTER 


Saul Lodge 
hr ra] to 
o Severn 

Sir tt 

Re ( ry 
Hereford 

Haugbto t 
Hall 

81 Hull 

Ifpig d 
Oswent ry 

RarlauL 
fat ke 

North w ok 

1 ark 

\N eat Malvern 

3 ft 6 n 

1 ft 

a 

J ft 

r 

b ft 

0 

0 ft 

ft in 

1 ft 

ft in 

1ft 

6 in 

42 ft 

t 18 ft 

ft 

470 ft 

00 ft 



860 ft 

1874 

187 y 

1 K "4 

18 

1874 

IK 

1874 

187 

1874 

187 j 

1874 

1875 

1874 

1876 

m 

111 

m 

m 

in 

11 


11 

1 1 

11 

in 

in 

in 

in 

328 

468 

2 80 

3 76 

1 81 

2 46 

2 88 

4 66 

2 92 

3 6 9 

3 12 

3 7 o 

* 7 * 

3 73 

119 

1 83 

*53 

2 23 

241 

1 *6 

*95 

I ;6 

2 81 

1 11 

* *4 

1 61 

a 98 

:a 

1 02 

1 19 

78 

1 18 

88 

82 

1 69 

* 37 

> 59 

81 

60 

79 

68 

1 82 

2 80 

* 54 

86 

1 17 

66 

2 01 

1 2 9 

*49 

5 1 

1 81 

2 30 

1 18 

98 

54 

* 93 

1 41 

a 53 

1 98 

1 1 c 

* 55 

305 

144 

1 82 

2 73 

* 53 

1 52 

3*4 

75 

3 14 

1 02 

2 52 

77 

2 63 

75 

3 75 

81 

3 IS 

35 

2 05 

l 11 

* 74 

97 

443 

85 

4 80 

1 17 

5 59 

1 88 

468 

J 6; 

6 75 

2 10 

6 32 

1 82 

7 49 

2 19 

96 

* 4 ; 

1 88 

2 62 

3 56 

3 *9 

3 33 

3 66 

2 69 

*47 

i 31 

2 26 

*°3 

4 78 

3 °4 

409 

43 i 

188 

4 14 

3 13 

4 60 

3 3 6 

3 79 

3 76 

a 70 

3 75 

3 w 

*4$ 

522 

a 93 

6 03 

165 

5 3 * 

286 

5*3 

2 83 

465 

396 

8 71 

3 06 

<18 

a 01 

53 * 

2 69 

4 99 

3 3 

3 5 6 

4 82 

3*5 

4 43 

3 56 

3 *3 

5 22 

2 70 

496 

a 32 

1 68 

a 67 

1 82 

*43 

1 03 

3 62 

1 62 

3 *7 

1 29 

*95 

8l 

200 

* 9 * 

*4 33 

36 3 i 

*5 *0 

3691 

*3 50 

| 3*48 

3*53 

39 99 

30 30 

33*5 

29 22 

3 * °5 

26 78 

40 43 


Division VII —Nonru Midi and Counties (continued) 


Leicester 

(continued) 






Lincoln 






Belvoir Castle 

T incoln 

Market Riwen 

Gto nsborough 

Bngg 

Grimsby 

New lloiynd 

1ft 

0 m 

1 3 ft 

0 in 

Oft 

ft in 



30 

m 

left 

0 in 

8ft 6In 

237 ft. 

| 2b ft 

111 ft 

70 ft 

1ft ft 

42 ft 

18 ft 

1874 

1876 

1874 

1876 

1874 

1875 

1874 

1876 

1874 

1876 

1874 

1876 

1874 

1876 

m 

in 

in 

m 

in 

in 

m 

m 

in 

in 

m 

in 

in 

m 

* 5 * 

1 96 

1 14 

3 08 

98 

127 

78 

1 59 

*1 06 

* 3 * 

86 

1 61 

r * o 8 


1 59 

,44 

J 53 

1 19 

* 35 

60 

1 41 

1 12 

1 09 

37 

1 16 

83 

1 16 

I'M 

105 

57 

74 

57 

V 

* 57 

3 * 

68 

75 

71 

«5 

43 

7* 


1 13 

97 

1 3 6 

54 

44 

92 

1 48 

71 

1 74 

5 * 

79 

34 

94 

*9 

97 

) 01 

168 

85 

8* 

1 00 

146 

9 i 

1 19 

93 

104 

98 

94 

*73 

43 

*44 

1 17 

164 

105 

278 

9 i 

i 96 

66 

*95 

46 

2 62 

49 

* 02 

9 ® 

5 4 * 

4 « 

3 66 

2 19 

4 9 1 

146 

407 

1 CO 

402 

1 >3 

40* 

I 13 

3 **J 

J 94 

1 92 

1 64 

2 00 

*43 

* 3 o 

219 

249 

1 72 

i 80 

1 80 

1 79 

194 


114 

114 

165 

1 63 

* 4 * 

65 

1 97 

2 12 

* 57 

258 

1 69 

197 

'l 5 

*«r 

I 60 

4 95 

1 34 

3 89 

» 4 i 

5 99 

• 17 

4 34 

1 35 

3 J 4 

* 37 

3 65 

169 

4 «a 

106 

4*0 

*43 

4 4 * 

1 61 

3 60 

1 70 

35 * 

201 

486 

3 °5 

501 

*8l 

54 * 

1*6$ 

] 10 

1 34 

128 

i *5 

23 

1 08 

8 * 

147 

76 

118 

98 

I 84 

* ij 


*•>« 

x6 58 

*5 74 

1776 

*4 9 * 

16 91 

*4 jj 

15 61 

»j 9 ( 

1638 

H *3 

;6iS 

*fJ6 
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ENGLAND 


Division \ 111 —North W> su r\ OouNfiEa (ton// tued) 


ClIBfiUI IB 
( continual ) 


LANCASiUHh 


Maoclecfleld 

M v id eater 

Wttterh uaes 

B It 11 le 
Moors 

Rufford 
Orraak rk 

Ovoi Darwen 

8 u 1U1 Sh )ro 
Blackpool 

Tit 

0 n 

2 ft 

7 in 

3 ft 

0 111 

Tit 

fti 

oft 

8 in 

1 a 

0 n 

1 a 

8 in 

630 ft 

loo a 

046 It 

280 a 

38 a 

000 a 

29 ft. 

1874 

1876 

1874 

187 o 

1874 

uw 

1874 

1876 

1874 

1876 

1874 

1875 

1874 

1876 

m 

in 

in 

in 

n 

in 

in 

in 

11 

in 

in 

in 

m 

in 

i 6o 

266 

3 53 

3 57 

4 99 

4 a 7 

486 

5 60 

2 80 

3 79 

5 8* 

6 16 

288 

3 55 

117 

5 » 

1 59 

74 

1 99 

98 

1 88 

1 08 

1 61 

85 

a 75 

l 20 

1 90 

1 00 

i 65 

55 

3 37 

82 

4 10 

48 

466 

87 

2 96 

76 

6 51 

* 57 

*45 

j* 

1 So 

60 

1 00 

90 

1 29 

1 26 

1 46 

1 11 

* 15 

7 i 

a 31 

1 68 

1 08 

^5 

2 38 

1 46 

> 39 

2 07 

1 90 

2 80 

1 96 

1 39 

1 42 

2 02 

* 95 

2 77 

1 20 

1 46 

68 

2 06 

1 00 

3 S6 

1 19 

3 78 

1 63 

5 01 

1 09 

3 19 

1 90 

422 

*5 

3 85 

» 9 J 

4 78 

177 

4 60 

1 69 

4 4 » 

346 

5 67 

2 65 

6 37 

3 67 

5 80 

1 71 

0 30 

406 

*44 

4 34 

5 00 

4 39 

287 

6 77 

3 00 

412 

2 62 

776 

3 5 * 

400 

2 ao 

+ 5 * 

a 7 i 

3 86 

4 74 

4 60 

5 °4 

4 20 

5 9 * 

3 *7 

4 59 

5 09 

5 5 i 

3 i 5 

465 

i 70 

381 

3 76 

4 45 

424 

4 34 

5 97 

6 13 

5 *9 

482 

7 4 2 

568 

5 40 

455 

♦ 4 ° 

2 5 ? ' 

485 

422 

1 4 4 i 

4 17 

7 38 

5 57 

453 

3 55 

6 11 

4 58 

4*5 

3 to 

1 Si 

1 18 

i 3 64 

8i 

| 3 07 

1 53 

444 

1 59 

3 06 

1 31 

3 68 

1 3 * 

* 35 

1 40 

3171 

*4 43 

34 10 

35 49 

' 37 97 

34 94 

4867 

45 94 

33 85 

34 59 

54 97 

4501 

1973 

33 93 


Division IX — Y ORK8RIRE ( continual ) 



Yohk —Wk8T Riuino (continued) 


TiokhUl 

Pen! 

itOlUJ 

0 m 
ft 

Sadd It worth 

Ackworth 

Pontefract 

Goole 

Stanley V10 
Waketl t Id 

Orenden 

Moor 

Halifax* 

i . .. 

1 ft 0 in. 
61ft 

3ft 

717 

0 ft 6 in 
040ft 

1 ft 0 in 

13o ft 

8 ft 4 m 

1 ft 0 in 

100 ft 

Oft 0in. 
1876 ft. ' 

1874 

1876 

1874 

1876 

1874 

1876 

1874 

1876 

1874 

18715 

1874 

1878 

1874 

1876 

in 

in 

in 

in 

in 

m 

m 

in 

in 

in 

m 

m 

in 

XXL 

*• 

* *5 

I 63 

395 

43* 

3 22 

7* 

131 

95 

* 1i 

1 oa 

J0» 

30# 


1 *6 

1 33 

M3 

5* 

1 5 1 

3 20 

1 10 

* 34 

1 02 

1 U 

1 10 

I 22 

140 


V 

53 

3 *3 

63 

4 *2 

94 

95 

5® 

96 

43 

1 38 

4* 

4 5° 

If 

I'd* 

57 

* *4 

*4 

240 

105 

* 14 

34 

1 *7 

4* 

I 10 

4* 

1 60 

I Jo 


i*5 

1 53 

1 56 

l >7 

a 99 

90 

1 »3 

1 22 

1 °9 

84 

> 4* 

1 J° 

aw 

I $1 

*7* 

*9 

3 43 

MJ 

405 

7* 

465 

*7 

1 80 

74 

3 5* 

1 86 

41* 

»»• 

j6e 

1 32 

4 57 

1 86 

4*7 

1 36 

501 

* 34 

388 

• *j 

408 

* 7° 

4*40 

* 53 

*97 

3 73 

3 05 

5 60 

1 80 

1 53 

a 10 

*43 

a 68 

1 50 

*46 

5» 

•.3*0 

*ST 

• 22 

1 61 

191 

a 03 

4 74 

2 26 

a 64 

1 49 

*4* 

110 

a 70 

410 


iH 

r»j 

390 

5 56 

404 

3 62 

a 03 

4 37 

1 56 

410 

X 66 

3 93 

5 70 

y® 

i4a 

39$ 

1 16 

4 73 


4 37 

a 51 

3 74 

261 

3 31 

a 64 

34® 

460 

8*16 


*3 

> 61 

1 60 

| a 61 

147 

» "5 

*5 

1 16 

* 34 

*30 

79 

400 

*50 

RM 


i*69 

33 3* 

35 J« 

36 I* 

«r9* 

»* 79 

ij.i 

*4 93 

18 30 

*7 57 

»9° 

♦*•*0 
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REPORT — 1876 , 


1 'SGI ANT) 


Division IX ^ RksiiiRF (Yon/ mte /) 



3 

K \\ 1 ST Kl V ( 

t u 

0 



York —East Rinno 

Height of 
Rain gauge 

■Pcouj 

Leeds 

Y 

rk 

11 r gate 

Arucliff 

lie verley Road 
II ill 

3 \nrtcr 

Pockhngton 

above 













Ground 

Oft 

0 

Oft 

4 1 

0 ft 

1 n 

ft 

1) 

lit 

10 11 

1 ft , 

10 m 

See-level 

HO ft 

r ut 

HO it 


) ft 

11 H 

1 230 ft 

l 

| 18 4 


I 1874 

J8 ^ 

1874 

187 

1 >r\ 

187 

18-4 

18 

1874 

1875 


in 


1 ) ' 

1 

, 

in 


m 



n 

11 

Janua y 

* 14 

3 78 

1 09 

2 29 

2 05 

4 37 

8 20 

| 10 78 

1 os 

2 35 

1 32 

* 94 1 

Pebru try 

1 40 

a 22 

* 35 

1 20 

1 41 

249 

3 11 

1 yz 

1 33 

1 07 

* 55 

145I 

March 

2 01 

1 3 ° 

1 36 

I 55 

2 64 

1 66 

6 6 

225 

1 18 

81 

1 90 

9 " 

iS? 

1 44 

67 

; 1 28 

1 44 

1 3 1 

48 

295 

3 01 

1 01 

47 

1 82 

61 

71 

1 38 

; 1 96 

1 61 

1 66 

1 20 

2 52 

445 

1 s6 

* 35 

2 18 

1 1 

June i 

58 

1 36 

99 

1 2 10 

81 

242 

1 S 3 

465 

57 

1 8s 

75 

>9® 

3 *7 1 

July 

1 89 

3 06 

1 i 8 

1 305 

2 33 

2 86 

3 9 * 

491 

1 48 

3 69 

158 

August 

2 40 

1 57 

2 34 

1 2 17 | 

2 90 

2 81 

9 5 * 

3 56 

1 98 

3 56 

2 61 

1 60 

September 

2*5 

301 

185 

2 23 

1 2S 

2 00 

7 19 

5 »3 

1 80 

249 

1 68 

3*08 

October 

2 SI 

4 39 

2 17 

421 

2 74 

464 

847 

5 H 

J 77 

4 34 

142 

l\l 

Noveir ber 

2 69 1 

4*3 

3 12 

3 8 3 | 

2 48 

4 39 

5 13 

7 66 

3 7 i 

5 7 * 

460 

December 

1 94 

i **5 

3 35 

89 1 

3 79 

* 35 

5 71 

4 79 

* 7 S 

» '3 

3 9 * 

167 

Total* 

11 97 

30 12 | 

2314 

H 57 | 

26 38 

3067 

6487 

5 * 35 

2° 19 

a8 87 

26 33 

317*1 


Division X —NoHnn-KN CorNTiEs (coi tinned) 


Nojiti uhbfrlasd P CUMBERLAND 


Height of 
Rain-gauge 
above 
Ground 

1 Sea-level 

Bywell 

North 

8h elcU 

Ifaltwhietle 

Lilburn 1 
lower ' 

liiotle 

SeathWiut* 

0 ft P in 

87 ft 

1 ft Om 

126 ft 

Oft 9 m 
jsort 

0 It Om 

600 ft 

Ut Om 

87 ft 

1 ft Om 

422ft 


1874 

1875 

1(374 

187 r > 

1874 

1875 

1874 

1876 


1876 

1874 

1876 

January 
February 
March 1 

April | 

May 1 

June 

July I 

Augiut 

'September 

October 

November 

^Member 

in 

a6 $ 
a 28 

*47 

1 61 
a* 5 
| 1 01 

1 72 
% 60 
a 63 
% 18 
4*8 
506 

m 

* 83 
98 

1 09 

1 ai 

a 11 
+ 21 

4*9 
a 91 

544 

ft 

IT] 

I 50 
95 
104 
7a 
a 30 

1 00 

*47 
* 55 
1-6 

1 65 

3 30 

3 79 

in 

* 33 

1 21 

5 * 

76 

7 * 

1 S Z 

5 38 
3 4 * 

l5 I 

326 

581 

*44 

in 

3 48 
* 77 

3 82 

2 75 

1 9 5 

1 68 
248 

5 02 

3 98 

4 77 
473 
3*3 

in 

458 

*1? 
>*3 
248 
a 29 

4 4 * 
*97 

3 79 
286 

5 5 * 
*55 

11 

* 33 

1 50 

1 84 

89 

a 09 

9* 

2 00 

3 *6 

'V 

1 80 
402 

344 

111 

i 86 

3*8 

1 21 

* 97 

1 11 

2 76 

1 62 

,5 { 

2 26 

3 81 

464 

*»9 

in 

388 

309 

*33 

* 5 * 

103 

1 06 
109 
7 7* 
S 3 * 

5 9 * 
4*7 
417 

in 

560 

1 *4 

1 22 

1 56 

2 50 
4 5 * 

3 54 
4*7 
5«9 
60a 

4*7 

L*« 

~ 

20 8a 
vo $0 

1414 

4 7 * 
a 8a 
30* 
7 80 
i860 
1606 
30*18 
* 3*9 
7*34 

m 

at 81 

>4! 

5B 

lOpb 

D! 

r*i 

:ts 

tiff*’ 

- Sofcl* 

3«34 

34 ®5 

21 03 

*1 99 

39 54 

34 «• 

* 4*3 

*8 8S 

4**4 

4 J *7 14 * 7 * 

m 
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ENGLAND. 


Division IX.— Yorkshire (continued). 


Division X —Norther* 
Counties. 


York -ER , 1 
(continued), 

Ganton Hall, | 
Scarborough j 

1 ft 0 in | 
250 ft, 


Yohk—N oam Ridihg 


Hal ton 

Whitby, 

Northallerton 

Middles- 

borough 

Durham 

Observatory 

WoUmgham 

1 ft 0 in 

75 ft 

2 ft 0 m 

184 ft 

1 ft 3 in 

133 ft 

1 ft 6 m 

21 ft 

4 ft 8 in 

340 ft 

1 ft 0 m. 
464 ft 


1875 , 1874 
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HKPUHT— 1876. 
WALES. 


Division XI —Monmodth, Walks, and the Islands. 



Monmoi th 


1 


Glamorban 

1 

] 

Carmarthen 

j Pembroke 

Height of 

j Newport 

1 

1 Abergavenny 

! 

Swansea j 

IYnt>n.h, ] 
Cardiff 

Carmarthen 

Gaol 

1 Haverford- 
1 went 

Rain-gauge 

above 

Ground 











1 


1 fl 

0 in i 

1 ft 

0 in 

14 It l* in ' 

1 ft 

1 in 1 

Oft Bin. 

1 ft 0 in 

Sea-level 

1 180 ft 

220 ft 1 

40 It j 

100 ft 

_ _ 1 

02 ft 

96 ft. 


| 1874 

187 ft 

1874 

1875 , 

1874 

1870 | 

1874 

1875 

, 1874 

1875 | 

j 1874 j 

1876 

t 

,n 

in i 

in 

m I, 

in 

1 

m 

in 

j >n. 

w. | 

( in 

in 

January 

; 6 io 

6 6j 

4 9 i 

$■76 

475 

6 03 

6 91 

7 64 

* 34 

9 * 5 1 

5 6 * 

9 * 7 ° 

, February 

i 3 3 * 

a 51 

3 64 

a 22 ' 

a 76 

an, 

*99 

*97 

438 

* 75 1 

4 73 

« So 

Mbi ch 

* 5 1 

2*18 i 

SS 

I 7 *| 

1 79 

1 *5 , 

3 5 ° 

l 02 

! 3 7 ° 

1 '60 

3 4 * 

I 64 

April . 

May 

1 20 

1 Ho 

*15 

a C9 

1 19 

1 41 

1 89 

3 08 

1 3 34 

a 98 

* 34 

» 77 

1 .j ? 

3 l 5 

6 S 

2831 

43 

1 84 1 

a 03 

348 

87 

3 55 

97 

a 86 

June , . 

| 1 95 

5 9 * 

53 

3 *7 

2 12 

3 4 ° 

2 14 

6 49 

J 47 

3*76 

1 31 

3 39 

July . . 

l 4 * 

7 89 

83 

608 

1 55 

38 * 

1 63 

7 ** 

2 23 

656 

* 55 

5 50 

August 

5 ° 7 

1 87 

* 99 

1 97 

469 

6 A 3 ' 

645 

5 87 

7 3 ° 

70a 

6 11 

466 

(September 

5 9 6 

4 66 

5 *9 

3 95 

4 74 

4 39 

6 3 6i 

501 

8 07 

581 

447 

6 29 

October 

5 '8 

7 48 

; 443 

7 4 ° 

4 35 

5 7 * 

5 97 

8 09 

6 88 

6 30 

6 16 

7 a8 

Noreintwr . , 

1 99 

796 

a 90 

693 1 

a 71 

720 

3 36 

8 88 | 

1 3 08 

7 47 

V 2 \ 

7 61 

December . 

4 5 * 

2 61 

3 99 

* 15 

; 4 ** 

aiij 

5 77 

* 5 6 | 

5 97 

3 5 6 

* 09 

3 93 

Total* i 

♦ >‘59 

55 «♦ 

3309 

♦6 *7 | 3 6 3 ° | 

45 5 * 

4900 

63 22 

1 

153 <1 

60*87 

5 * «5 

J <43 


Division XI. —Monmotjtii, Wales, and the Islands ( continued ). 


Mjrioxjet It 


T 


Fiint 


Carnarvon. 


i 


Height of 
Ram-gauge 

above 
Ground .. 
Sea-level 

Doll 

Brit] 

t£ 

Bala. | 

j 

Maee-y-dre 

Bryn Alyn 

1 

Beddgelert. 

Cocltaidia, 

Carnarvon. 

1 ft 1 in. 
120 ft. 

1 ft. 6 in. 
486 ft, 

1 ft 0 111 

544 it 

5 ft 0 in 
♦ 01 ) ft. 

1 ft 2 in I 
483 ft 

3ft 0 in. 
204 it 

1874 

1876 

1874 

1876 

1874 

1875 

1874. 

1S76 

1874 

1876 

1874. 

I8TB 


in 

m 

in 

in 1 

in 

in 

in 

m 

111. 

m, 

in 

m, 

January. .. 

7*79 

969 

5 

7 3< 1 

>8? 

1 7 * 

% 15 

3*7 

14 33 

>3*45 

3 79 

4*°8 

February .. 

6 8 3 

3 45 

3 36 

* 93 | 

1 18 

*61 

2 08 

1 08 

5 i? 

740 

3 

»*I7 

Mafoh . . 

3 7i 

ft 62 

5 30 

r8i 1 

1*23 

*5 

* 34 

*79 

9 ^ 

507 

167 

r»7 

April . 

3 7* 

3*43 

*63 

i 97 

*95 

60 

**5 

2 11 

644 

372 

1*90 

*37 

May .. 1 

v v 

3*48 

a 02 

*75 

*15 

1 77 

1*30 

1 88 

4*4 

5 34 

* fti 

**39 

Juno .. . 

I {3 

4°3 

1 04 

401 

*5* 

181 

*48 

ft 10 

3**7 

8*07 

‘9° 

3*37 

July . 1 

4**4 

4 3* 

3 * 8 

4*9 

*38 

ft 51 

*73 

5**5 

7 15 

4*54 

3*12 

3*3* 

Auguat . .. . 

10 11 

i‘i8 

593 

182 

*53 

1 07 

3 47 

3 08 

H 99 

663 

4*50 

n* 

September 

l 7 ! 

7 77 

J 33 

4 61 

1 71 

ft 3o 

2 89 

4*8 

9 55 

10 ‘ftft 

455 

4*97 

October 

I 98 

7« 

8*13 

5**5 

ft 86 

3*74 

3*69 

401 

19*74 

*3**5 

4**9 

I*** 

November ... 

10*1 S 

9*9* 

504 

5 50 

i 13 

3 ic 

4*09 

496 

17*1 ft 

*3 99 

4*5* 

3*3 

December . 

7*« 

5 S3 

6'fti 

3*e» 

181 

*77 

3*61 

1*4 

9*75 

8 47 

4*9 

*45 

Tottli. . 

7«*4* 

64.46 

MV* 

46*01 

'VJJ 

91*82 

30*0! 

J 406 

1 * 1*58 

160*14 

59*44 

m 
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Division XI —Monmouth, Wales, and the Lhaxds (tonttmted). 


PlMBROKK 

( continued ) 

Brk< knock 

Montoomert 

C'ABmnAA 

Radnor 

Ivy Toww, 

Tenby 

Brecknock 

LlttmdloM 

Lampeter 

Gogins n 

Nantgwilt 

Heyhope 

Rcctoi^. 

1 ft 0 in 

2 a 

[) in. 

2 n 

0 in I 

5 ft. 0 m. 

2 ft. «in 

1 ft 

0 «i 

1 ft 0 in. 

180 ft. 

437 ft 

530 a I 

420 fl 

2 Wft 

707 n. 

090 ft. 

1874 

1875 

1874 

1876 

1874 

1875 1 

1874 

1875 

1874 

1875 

1874 . 

1875 . 

1874 

1875 . 

in 

in. 

in 

in 

in 

in. 

in 

in 

in. 

in 

in 

in. 

in 

in. 

5 °3 

8 76 

5 43 

667 

5 10 

5 11 

5 °i 

5 9 * 

45 * 

5 6 9 

7 56 

10 16 

386 

5**4 

4 35 

2 46 

4 11 

1301 

403 

1 91 

4 39 

1 56 

a 71 

a 50 

| 5 5 * 

175 

2 81 

a Sa 

* 5* 

1*56 

* 5 * 

199 

4 11 

> 94 | 

* 79 

* 79 

376 

l 13 

3 46 

1 66 

*15 

1*90 

**i6 

*79 

a 80 

* 56 

1 gi 

3 88 1 

a 11 

1*87 

1 91 

I 7* 

3 >4 

*75 

1 19 

a 08 

•79 

r %z 

79 

% 80 

1 70 

3 59 

1 71 

a 10 

i *59 

a 36 

1 1 ? 8 

364 

*7 

2*76 

I 64 

3»4 

1 14 

3 56 

» 39 

3 3 * 

1 56 

* 55 

1 28 

369 

* *3 

6 35 

4 * 

3 66 

1-86 

7 Ol 

l 15 

4 *7 

1 64 

4 10 

a 50 

5 ** 

3 M 

4 47 

a 4a 

7 26 

l 66 

5**9 

616 

5 H 

4*10 

a 98 

6 23 

241 

436 

4‘ 2 7 

7*65 

4 l 7 

8 61 

463 

544 

3*59 

S‘<7 

6-67 

468 

5 4 i 

5 39 

4 CO 

6*04 

5*5 

480 

561 

6 81 

*■5* 

3 68 

4 34 

3**5 

696 

5 6 5 

671 

5 3 * 

8 18 

507 

6 68 

4 °4 

5 54 

7 33 

8*89 

4*5* 

7 *4 

J IO 

* 35 l 

a 61: 

*44 

4 76 

6ij] 

429 

7*5 

5**8 

5*; 

7 

8*12 

4*05 

J* J 

6*59 

3** 1 

a 31 

188 

6 35 

* 30 

544 

1 7a 

5 54 

a 18 

7 11 

3 54 

5*03 

*‘60 

4661 

59 73i 

3 *’ 5 ° 

494* 

49-00 

47*9 

45*7 

4676 

46 10 

44 3 6 

63 09 

65 31 

35*74 

47*17 


Division XI. —Monmouth, Wales, and the Islands ( continued ). 


Carnarvon (continued). 

Isle of Man 1 

GUERNSEY 

Guenwy 

Sark. 

JCUIT, 

Lltmfair- 

fechan. 

Llandudno, 

Douglsa 

Point of Ayre. 

1 

Sark. 

Millbrodk* 

Oft 6 in. 

KEEIfl 

1 ft 1 in 


, 


1 ftOm 

1 ftOfct 


09 ft. 

79 ft. 

•• 


m ft | 

■ 

M ft 

1874. 

1876 

1874 

1875 

1674 

1875 

1874 

1876. 

1874 

1875 

1874 

1875. 

1874. 

1876. 

in. 

in. 

in 

in 

m, 

in 

in 

in 

in 

in. 

m 

m. 

in. 

in* 

3 73 

4‘5° 

288 

3 °3 

5*15 

665 

*'35 

3 >31 

*94 

500 

1 62 

407 

*4* 


3**4 

180 

146 

*H 

*39 

*55 

1 21 

64 

*4* 

3* 7 

*91 

**75 

*** 


a*66 

1 67 

112 

*9 

1 76 

1 a6 

1 10 

I 12 

*5 

*66 

in 

*45 

*•38 


191 

116 

i*4° 

*94 

179 

9* 

rn 

9* 

36a 

1**4 

2 89 

*94 

ro9 


3*35 

S 02 

268 

*4 6 

1 39 

164 

*77 

r *4 

’94 

1*30 

5* 

1*28 

’*5 

*80 

•*7 

*44 

*35 

1 81 

i* 

*•53 

*5 

*7* 

"J 

*’59 

**9 

2*28 

7* 

2*06 

a‘04 

4*20 

**97 

3 47 

2 6l 

4 5 6 

164 

1 67 

1 *5 

2*84 

'*4 


'74 

r$t 

j S**» 

1*22 

1 81 

100 

5 *9 

* i5 

396 

rn 

1 67 

***3 

1*62 

■7* 

rto 


l'*7 

4*9* 

*53 

465 

l r 

3*39 

144 

»4 6 

268 

294 

*94 

*46 

»•** 



300 

3*4* 

5 30 

482 

ac6 

34* 

468 

6 82 

615 

5*« 

6 25 

r*7 

r*% 

5<7 

4*37 

5H 

4*5 

7*00 

363 

3*95 

446 

3 57 

6**3 

2*86 

6*50 

3'** 

$7* 

.. 475 

rea 

443 

1 4* 

3 So 

1 90 

3** 

1’4* 

7*9* 

**39 

J2!) 

1*99 

rn 

■J! 

*#»» 

374* 


j»jj 

39'4® 


24*22 

*j »• 

33 3* 


*7‘j8 i 

33*9* 

12*02 

«*9* 


o 2 
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Division XU.— Southern Counties. 


Wigtown 



KiRKCummiOiiT. 



Dumfries, 


Height of 

13alfern. 

Little Rom 

Carepliairu 

Cargrn 

Drumlanng 

Wanlook- 

hmd 

Ram-guuge 













abov© 



1 —— 


- - 

- 


_ 

—-— 

- 

— 

- 1 

Ground 

Oft 

11 Ul 

I 3 a 

3 ID 

3 ft 

0 in 

Oft, 

4 in 



0 ft 5 in. 

Sea-lovel 

75 ft 

130 tt 

574 ft 

80ft 

101 ft 

1330 ft 


1871 

1875 

1874 

1875 

1874 

1875 

1874 

1875 

1874 

1875 

1874. 

1876. 


in 

in. 

! m 

in 

in 

in 

in 

m 

m 

in 

in 

in 

January 

4*4 

7 72 

A 71 

3 38 

6 91 

15 13 

5*70 

8 42 

590 

11 10 


1414 

February 

2 26 

1 29 

1 85 

1 19 

14* 

2 08 

2 30 

1 21 

3 00 

2*10 

4 62 

1 08 

March 

321 

1 20 

i 79 

83 

3 86 

3 *4 

* 74 

1 60 

3 9° 

2 80 

388 

JS* 

April 

1 90 

1 JO 

1 24 

59 

450 

1 52 

3 9* 

1 J° 

3 80 

2 10 

453 

2 36 

May 

95 

183 

73 

1 85 

1*11 

3 4 * 

I 17 

1 84 

1 20 

2 90 

99 

3 36 

Juno . 

1 39 

3 23 

83 

2 54 

i 68 

3 80 

1 l 5 

458 

*45 

5 9 ° 

M 71 

5*3 

July 

3 J 4 

z 40 

* 74 

1 86 

1 10 

2 50 

1 84 

*45 

3 9 ° 

2 70 

3 *5 

2 83 

August 

627 

432 

3 93 

3 03 

6 38 

3 70 

707 

2 30 

680 

3 10 

796 

*«5 

September 

3 14 

7 04 

2 23 

4 7 * 

5 95 

7 70 

6*00 

5 47 

660 

7 60 

7 °4 

9 5 * 

October 

8 03 

5 7 » 

4 49 

6i* 

11 63 

I 4 ' 

10 72 

5x2 

11 10 

4 80 

1247 

5**5 

November 

570 

49 * 

419 

* 55 

9 ZI 

a 61 

5 5 ° 

444 

6 30 

640 

4 7" 

7 *9 

December 

438 

267 

1 

2 11 

3 77 1 

1 90 

6 27 

1 69 

4 11 

228 

4 9° 

2 59 

696 

Totals 

44 7* j 

4443 

*7 94 

1*43 

61 80 

63 zS 

51 06 

43 *4 

5**3 

5*4° 

6l l6 

*5 7J 




Division XIV.- 

-South-Western Counties 




- 


Lviark 




Ayr. 

Raicntsw. 


Newmams, 

Auchinraith, 

Glasgow 

Hole House, 

Mansfield, 

Newton 

Height of 
Rain-gauge 

Douglas 

Harm lion. 

Observatory 

Patna, 

Largs. 

Menrn*. 














Ground. 

0 ft 4 in 

4 ft 0 in 

0 ft 1 in 

1 ft 0 m. 

Oft 0 in. 

1 ft. 0 in, 

Sea-level.. 

783 ft. 

150 ft 

180 ft 

440 ft 

30ft 

350 ft. 


1874 

1875. 

1874 

1875 

1874 

1875 

1874 

1875 

1874 

1875. 

1874. 

1875 


in 

in 

m 

in 

.n 

in 

in 

in 

in 

in. 

in 

in 

January ... 

4 5* 

5 06 

2«4 

4 55 

4*7 

*«7 

483 

4*0 

530 

10 80 

644 

7*10 

February 

» 59 

2 31 

60 

‘9° 

1*03 

174 

2 28 

*44 

140 

. 2 10 

184 

*’*5 

March . . 

* 93 

* 33 

a 00 

*J7 

3 45 


3 66 

*45 

I 20 

1 80 

5**o 

303 

. 

» 43 

1 60 

140 

86 

1 88 

1 68 

* 5* 

1 69 

2 70 

1 00 

3 59 

1 5* 

May ... . 

, 1 °4 

r4 3 

1 90 

*3 

2*50 

* 55 

1 43 

*44 

1 80 

2 90 

*75 

300 

June ...... / 

1 * *3 

3 ’56 

1 32 

z 20 

90 

3 57 

1 7 1 

2 64 

I OO 

34° 

1 30 

286 

July , 

204 

17S 

3 zo 

* 7* 

403 

rSoj 

3 »o 

1 *4 

% 60 

1 10 

166 

1**3 

August ... 

6 06 

■Ea 

5*4* 

*’*5 

4 74 

2 98 

508 

»**3 

5 00 

490 

♦*j 

3 47 

September 

4*3 

5*5 

3* jo 

3 60 

t 4t 

5 12 

4 59 

4*94 

5' 10 

8 90 

624 

5*97. 


7'i6 

4 74 

4*9° 

4*3? 

8 02 

5 86 

764 

4*39 

8 30 

7 60 

n 17 

5 07 

November ... 

4J6 

3*7 

*•90 

37* 

416 

5**9 

5*77 

4 ** 

5 60 

5 SO 

41* 

5*94 

December , 

*70 

4*4* 

I'J* 

3 00 

*87 

5 5* 

*79 

3 41 

4*50 

4*50 

4*5° 

7‘«7 

. Tetali. 

41-83 

3*1* 

3!*0»; 

*9*39 

4»'j6 

44*9 

444« 

! 3«i9 

4* 50 

J«J0 

5S*4« 

»:» 
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Division XIII. 

—South-Eastern Counties. 




Roxburgh 

Selkirk 

pKKHIKS 

BFRWTfK 

Haddington 


EniNnuuon 


SilYprbut 
Hall, Hawick 

1 

Bothtmkbrae 

North Bsk 
Reservoir, 
Rcmicuick 

Thirleatane 

Euat Linton 

Glcm or»e 

Cliarlotte Sq , 
Edinburgh! 

4 ft 0 in. ! 

Oft 

2 in 

Oft 

0 in I 

0 ft 3 m 

0 ft 5 m 

Oft (1 in 

Oft (1 in. 

612 ft ! 

800 ft. 

1150 ft 

558 ft 

m ft 

787 ft 

2 J 0 ft 

1H74 

1876 1 

1874. 

1875 

1874 

1875 

1874 

1875 

1874 

1875 

1874 

1875 

1874 

1876 

in 

in 

in 

in 

in. 

in 

in 

in 

in 

in 

in 

in 

in 

in 

1 u 

409 

4 00 

7*60 

3 45 

445 

2 50 

3 8° 

1 20 

1 91 

3 45 

5 7° 

* 74 

*74 

2 16 

1 07 

1 40 

1 50 

85 

1 30 

1 50 

1 90 

60 

1 39 

1 20 

1 00 

70 

1 17 

i 89 

in 

3 3o 

l*ga 

. 1 35 

1 75 

1 50 

80 

K 00 

64I 

1 440 

i 60 

1*73 


1 95 

97 1 

1 50 

f ra 

2 ij 

1 40 

< 'S 

*45 

68 

-40 

! a 75 

1 15 

90 

67 

i 7 % 

1 36 

1 60 

I 80 

1 60 

1 55 

95 

1 30 

* 37 

48 

2 00 

1 60 

1*50 

75 

7 * 

* 7* 

1 80 

2 70 

1 00 

2 70 

1 00 

a 30 

*47 

273 

1 50 

1 75 

1 60 

2*00 

1*10 


2 40 

3 10 

2 70 

3 30 

2 00 

1 60 

452 

a 65 

*55 

38s 

3 34 

3*26 

5 °3 

2 38 

7 20 

2 20 

6 50 

* 55 

5 

90 

4*54 

96 

660 

a 50 

4»7 


3 3J 

348 

4 °° 

590 

3 30 

4 60 

2 00 

3 70 

2 16 

264 

320 

450 

1 75 

267 

4*3 

*54 

890 

3 40 

4 80 

3 60 

3 10 

445 

l 26 

3 93 

5 *5 

340 

24* 

*34 

4*5 

171 1 

540 

4 60 

4 45 

5 7 ° 

4 30 

5 00 

469 

5°5 

3 7 ° 

5 75 

3 " 

4 * 9 * 

i 8i 

2 64 

4 ro 

500 

1 90 

3 4 ° 

3**3 

2 30 

2*98 

3 *5 

3 55 

a 90 

2 10 

1 81 

33 45 

1875' 

47 *0 

O 

0 

O 

-*- 

35 °5 

36 30 

»8 33 

*9 5 « 

*7 47 

*3 93 

35*5 

3670 

*5 76 

* 4 'J« 


Div. XIV. 

( continued ). 



Division XV - 

-West Midmnd Counties. 



Rbnkibw 

(/ ontmued ) 


Dumbarton 

|| Stirling 

... I) . 

Bltk 

Argyll. 

Glen brae, 

Bulloch 

Arddaroek, 

Amolt Hill, 

Pladda. 

1 

Cnfltle 

Gallon | 4 Ar. ! 

Greenock 

Caetle 

Loch Long 

.Falkirk 

Toward 

0 ft. 9 in, 

0 ft. 4 in 

0 ft 10 in. 

1ft 

0 in 

3 ft 3 m 

1 4 ft 0 in 

4 ft 0 in. 

674 ft 

91ft. 

80 ft 

136 ft 

66 ft 

1 06ft 

05 ft 

1874. 

1876 

1874 

1876 

1874 

1876 

1874 

1876 

1874 

1876 

1874 

1876 

1874. 

187& 

in 

in 

in 

in 

in 

in 4 

m 

in 

in 

in 

1 ,n 

m 

in. 

in. 

9 ' 6 o 

10 60 

6*24 

9°7 

11*18 

«*« 

4*5* 

5*4 

377 

4*65 

4*«7 

*•13 

601 

*'47 

»l$ 

1 80 

2 60 

2 18 

1 46 

*95 

2'6l 

1 * , 5 

1*21 

*‘*5 

1 24 

1 1 54 

* 50 

2*89 

6*04 

6*jo 

i*6o 

5*55 

a 18 

078 

3 5* 

303 

1 39 

3 45 

1 54 

] 4 37 

* *7 

‘‘J 4 

370 

150 

2 2 % 
2 64 

2 14 

6 23 

3*66 

1 81 

1*20 

*37 

*24 

1 *94 

1 *5 

390 

2*4 

2-40 

4M0 

3 74 

*7 8 

530 

2*30 

2 20 

1 95 

118 

1 *<3 

305 

*‘09, 

J*S4 

1 90 

3 lo 

I 60 

384 

1-84 

5S 1 

J 20 

I7S 

93 

3 *99 

1 J 21 

* >♦ 

*^5, 

rj 9 

no 

0*10 

as 


102 

5*5 

470 

678 

2*20 
6 75 

3*95 

518 

1*19 
2 12 

*37 

4'9 6 

15S 

3*06 

1 2 76 
449 

235 

4 I 5 

55* 


Mo 

it 

«4* 

590 

II 21 

<03 

* 3* 

1*98 

4 08 

3 01 

6 91 

4*9 


JW 

18*10 

9 00 

7*35 

1403 

io’43 

4 39 

4*02 

7 >7 

6 22 

1 ? 47 

- <7* 

876 


<’00 

6*30 

6*io 

5*57 

979 

7 3 f 

4*51 

4*9* 

5*50 

5 47 

1 612 

4* 3 7 

627 


7*10 

3 10 

5*93 

*94 

9 28 

2*50 

4 55 

*»3 

390 

f 2*2* 

1 

4‘5° 

*77 

470 

if ** 

60-50 

55*07 

54*45 

Sf»2 

75**5 

JS-K 

S4'4® 

40*3 

3608 

49*59 

46-or 

59* 50 

. 52-10 
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e*foh*—187<5, 


SCOTLAND. 


Divimon XV.—Wbqt Midi/and Con? tubs ( continued ). 


Abovll (continued) 


Height of 
, Rem-gauge 
i abore 

1 Ground . . 
See-level 

Invert! ry 
Caatle 

1 

Air d», 

1 Appin 

~ 

Cor 

Loci 

Oft, 

14 

•ran, 

1 Fil 

Ardnamur- 

clmn 

Dei 

Carnpt 

nuir, 

leltown 

4 m, 1 
it 

Skipneea 

Cattle 

0 ft 2 in 

30 ft 

I 0 ft 3 in 
38 ft 

4 in. 
ft 

3 ft 0 in 

82 ft 

3 ft 

75 

1 ft 6 in 

20 ft. 


| 1874 . 

1876 . 

1874 

187 ft 

1874 

1876 

1874 

1875 . 

1874 

1875 

1874 

1876 . 


in 

in 

in 

in 

in 

in 

in 

in 

in 

m 

ID 

in. 

January . 

I o oo 

6 00 

7 10 

6 40 

11 3j 

495 

6*04 

*37 

401 

6 04 

5 40 

490 

February 

3*00 

1 00 

3 10 

1 30 

3 10 

1 45 

1*80 

1 71 

* 4 * 

1 45 

340 

1 90 

March 

9 oo 

a 50 

7 10 

a 60 

10 35 

a ao 

483 

1 93 

t 9 * 

a 03 

5 *° 

* 5 ° 

Apni . 

4 oo 

a*oo 

4 10 

a 80 

5 10 

3*10 

3 50 

a ao 

3 16 

•50 

3 3 ° 

‘ 5 ° 

May . 

a oo 

4 00 

1 60 

4 80 

a ao 

4 20 

1 49 

3 4 1 

103 

a 29 

1 40 

300 

June. 

1*00 

5 00 

1*90 

4-30 

130 

a ‘*7 

> 97 

2 58 

5 * 

a 52 

1 70 

3*10 

July . 

500 

, ' 5 ° 

5 10 

1 70 

3*5 

1*64 

3 *7 

I 97 

*77 

1 53 

t*o 

1 70 

August ... 

6 oo 

6 00 

; 7 70 

8 60 

! 357 

11 61 

5 *4 

6*17 

468 

3*5 

500 

3*60 

September 

1 1 oo 

700 

9*10 

340 

710 

3 9 « 

964 

2 ja 

425 

3 4 * 

7 3 ° 

JTO 

October 

13 oo 

5 00 

10 80 

440 

8 So 

$ 60 

7 *5 

4**9 

699 

967 

760 

5*0 

November , 

900 

4 00 

430 

5 50 

1*5 

5 3 ° 

461 

4 *5 

* 1* 

5 74 

1 6 ao 

660 

December 

400 

11‘00 

a 30 

6 00 

1 90 

9 6j 

a 30 

3 70 

3*65 

3*39 

4 7 ° 

S*oo 

Tot&li. . 

77 00 | 

56 00 

66*50 

53 *0 

6315 

57 *7 

53 44 

4 1 4 * 

43 7 > 

4 « *3 

54 10 

45 * 1 ° 


Division XVI.—Em Midland Counties ( continued ). 

PauTii (continued). 

Height of 
Ham-gauge 
above 
Ground 
Sea-level , 

Ledard, 

Loch 

Katrine, 

Auchterarder 

House. 

Dunkeld. 

Bonekeid, 

Pitlochm. 

Soon. 

ftlMW. 

150 ft 

Oft 6 in. 
830 ft. 

2ft 3 m. 
182 ft. 

1 ft. 0 in 
225 ft. 

. 

2 ft 6 in. 
80 ft 

1874 

1875 

187 A 

1878 . 

1874 . 

1875 

1874 . 

1875 

1874 

1876 

1874. 

1876. 


m 

4 * 3 ° 

1 90 

480 

1 90 

1 3 So 

1 a *00 

5 ao 
6*90 
I90 
10*00 

£ 

in 

2a 30 
140 

3 7 ° 
1 90 

4 7 ° 
5 * 3 ° 
1*30 
6 BO 
S*oo 
i+o 
6*io 

r *0 

in. 
8*oo 
350 
S jo 
4*ao 
a 70 
a So 
7*10 
5 ao 

11 60 
13*60 
7*90 
170 

in 

14*60 
a 40 
3*70 
a 40 
5 7 ° 
5 ' 4 ° 
1*10 

5*70 

7 ao 
10 10 
8*oo 
*o*ao 

m 

l -Vt 

1*96 

1*30 

1*1! 

■70 

4*ia 

3 39 
*97 
5^3 

4 7 * 

«'4* 

in. 

6 61 

1 16 
j 83 

63 

1 54 
1*00 

a*8i 

1*14 

*79 

486 

J*io 

5 " 

in. 

400 

1 ja 
311 

3 °5 
1*31 

1 *5 
5*oi 

391 

4*19 

5*30 

3*06 

in 

566 

1 5 1 
17a 
raS 

1 30 

3 * 4 ° 
1 oa 

T 57 

516 

5 5 * 
47 ° 
519 

in. 

j-8t 

1 19 
» 33 
3*9 

. 4 : 

III 

4*00 

5 * 5 ° 

**40 

a*io 

in 

454 

1-17 

1 54 
107 
a*io 

1 77 

a-59 

a*ai 

S3 

3*43 

170 

in. 

rjo 

70 

i*6o 

114 

‘41 

h 5 ! 
r 97 
*45 
4 'l $ 
no 

in. 

4?7 

100 
1*67 
1A6 
1*00 
1*4 
»‘ 9 * 
» 3 > 

I’ll 

25 

vw*. 

55 <° 

1 U70 

77 '*# 

77 **« 

34*3 

36-6* 

4<!'#9 

4‘1*| 


JJH! •<■!» 

f**f» 











































ON THE RAINFALL OF THE BRITISH ISLES 


SCOTLAND 


Div XV — West Midland Couches (continued) 

Division XVr —East Midland 

CoUNTII 9 


Awn 11 (co t el) 

Kin hors 

Pirn 

Perth 


Rhtnn* of In llab n T „ . 

I«l»y Thlty L smore | H > 1 * 1 ' 

Ijoch Leven 

Si i © 

Nookton 

KippenroM 

1 

3 ft. 0 in 1 ft 0 in 3 ft 4 m 

74 ft | C 7 (i 37 ft 

Oft 0 in 

300 ft 

0 ft 0 in 

80 It 

Oft 4 in 
160 ft 


1874 I 1875 1874 1 1875 1874 1871 1874 1875 

1874 I 187B 

, 1874 1875 

1874 11875 




1 55 476 

»33 >75 

% °4 « 47 

1 35 63 

J 33 161 

#4 1 93 

*63 64 

S « 1 5 » 

4 67 3 50 

468 6 \% 

500 414 

191 163 


J 41 ® 1 3 * 1 

50 13 | 46 l6 1 

46 (6 *9 92 68 86 47 391 


Division XVI — Last Midland Counties | 

(confinnr*/) 1 

Perth 

( continued ) 

Komn 

Dilnaapldal 

Dundee 
Necropol s 

Arbroath Monti oaeneia 

1 ft 0 in. 
1460 ft 

0 ft 5 in 
107 ft 

2 ft 0 in 

80 ft 

1874.1 1875 

1874 I 187 ) 

1874 1 1875 1874 | 1875 


3 a 90 3$ »o 


Division XVII —!North Eabhoh 

Counties 


KiKCAUMNi, 


T 1 e Bom 


Oft Bin 
l Oft 


Aff&KI fcBY 


Oft hd 
1114 ft 


Aberdttn, 

RowfSfc** 

0 ft 5 m 

salt 


8*00 9 07 


4 ^P + 7 * 

-470 10*63 
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report—1876 


SCOT* AND 


Division XVII — North Raster* Counties ( continued ) 


Div XVIII -North¬ 
western Counties 


Aberdeen (cont i ued) 


BOW AND CtONARTT 


Height of 
Rain ga ige 
above 
Ground 
Sea-level 


January 

FobruaW 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Tillydeak 

Fllon 


Gran town 


Inver nate 
House 
Loci Alsl 



34 *5 38 06 31 99 I J 7 0* | 28 17 31 07 


0 n 

1 ft 

1 m 

3 ft Oin 

ft 

712 ft 

160 ft 

1875 

1874 

1875 

1874 1876 

in 

in 

in 

11 1 1 

a 49 

2 16 

i 94 

n 37 7 70 

1 48 

i 04 

* *5 

285 160 

146 

282 

2 07 

**45 3 90 

1 34 

1 10 

1 10 

6 40 3 70 

1 71 

*39 

*45 

270 895 

1 99 

i *3 

3 06 

5 55 5 *5 

6 16 

3 3 ° 

5 44 

5 40 4 10 

2 16 

6 55 

3*9 

720 1075 

424 

*74 

3 80 

13 60 5 60 

238 

3 ** 

1 88 

14 80 5 08 

3 7 i 

* 5 * 

3 43 

6 50 <80 

> 94 

*95 

3*4 

3 6j i 95 

31 07 

3090 

3165 

9*47 7 *«» 


Division XVIII —North Western Counties 
(continue l ) 


.Division XIX —Northern Counties 


Inverness {continued) 


Sutherland 


Height of 
Rain-gauge 
above 
I Ground 
See level 


“BUS- urn n 

IUrni Urqul art 

3 ft 4 m. 0 ft 8 in 0 ft 9 in 


Dunrob n 


3 ft 0 n 
Oft 


Sooune. Cape Wrath 


Oft 4in 

20 ( 1 . 


3 ft 6 in 
363 ft 


1874 1876 1874 1876 1874 1875 1874 1875 1874 1875 1874. 1876 


**3 
A 1 a 76 


(January 

February 

March 

April 

Jim 

August 

September 

October 

JtoNuriwr 

December 


® 0 teds 37 34 47*° JJ *° « 9 * $4 64 







ON THE RAINPALL OF THE BRITISH ISLES* 


*01 


SCOTLAND 


Division XVIII —North W*atfrn Counties (coftfmuetf) 


Row and Cromarty (continued) 




Iny*rm&m 




Loohbrdom 

Cromarty 

Ardrow 

Castle 

Alness 

Oronsar 

Barr&head 

______ 

C when ah 
South List 

Lulloden 

House 

0 ft 8 m 

3 (1 4 in 

1ft 

0 n 

Oft 

6 in 

3 ft 

On 

0 ft 4 m 

3 it 0 in 

48 ft. 

28 ft 

450 ft 

l>ft 

40 ft 

1 j 7 ft 

82 ft. 

1874 

1875 

1874 

187 ft 

1874 

1875 

1874 

1875 

1874 

187 ft 

1874 

1875 

1874 

1875 

in 

in 

in 

in 

in 

in 

in 

m 

in 

in 

in 

in 

in 

m 

7 97 

4 49 

* 13 

*37 

365 

4 82 

22 00 

4 *9 

*79 

3 69 

7 08 

5 *° 

*45 


i 76 

*30 

06 

5 * 

4 > 

1 16 

7 20 

1 87 

1 41 

88 

* *5 

1 85 

5 * 

7 * 

6 88 

a 7a 

] 26 

98 

3 02 

2 09 

15 15 

a 08 

Z l l 

1 04 

5 4 1 

* *5 

* 7 i 

* 7 l 

469 

* 84 

l 31 

16 

3 *3 

1 2y 

872 

125 

1 83 

1 24 

370 

a *5 

1 60 


*45 

4 *7 

J 7 1 

61 

3 34 

' 78 

4 5 ° 

4 06 

I 19 

1 98 

*45 

310 

15 2 

it 

54 ' 

3 05 

74 

78 

1 50 

282 

5»5 

2 38 

86 

2 00 

2 70 

205 

7 * 

«S» 

a 93 

4 77 

* 39 

1 06 

1 29 

4 3 * 

6 55 

a 05 

* 85 

1 5 1 

*49 

2 00 

19* 

3 33 

4*5 

3 81 

3 60 

* 5 * 

6 41 

3 °5 

695 

7 60 

3 33 

430 

440 

6 30 

6 40 

* 06 

4*8 

405 

j 40 

» 05 

4 00 

3 *9 

10 40 

3 *3 

346 

1 96 

665 

*45 

* 7 } 

265 

II 04 

*97 

* 74 

1 82 

5*4 

3 45 

7 68 

* 55 

5 15 

3 05 

643 

3 70 

188 

> 33 

6 ii 

4 77 

1 30 

215 

3 76 

3 59 

3 75 

3 45 

3 75 

*94 

5^5 

4 35 

1 71 

309 

435 

419 

28 

1 77 

1 04 

348 

a 30 

4 3 * 

« 5 « 

*37 

*45 

a° 5 

1 0* 

*33 

6110 

43 13 

1693 

! 1689 

3* 

35 *4 

101 15 

40 73 

30 8l 

a6 96 

51 66 

35 35 

a 5 3 * 

*3 34 


Division XIX —Nohthkhn Counties (continued) 




Caithness 




ORK>rr 



Shetland 


Xowhetd. 

Holbumhead 

Pentland 

Skerries 

Balfour 

Castle 

Sand wick 
Manso 

Stourhead 

BreMay 

8ft 4 in 

127 ft 

Oft 4 in 
60 ft 

ft ft 8 m 

72 ft 

Oft, 6 in 

50 ft 

2 ft 0 m 
78ft 



Oft. 4 in. 
00ft 

1874 

1876 

1874 

1875 

1874 

1875 

1874 

1875 

1874 

1876 

1874 

1875 

1874 

1876 . 

in 

w 

in 

in 

in 

in 

in 

in 

in 

in 

m 

ID 

m 

in. 


3*9 

460 

450 

3 « 

408 

500 

560 

3 9 * 

5 ox 

5*0 

6 50 

3 43 

JM 

46 

1 34 

70 

90 

44 

' 3 * 

1 ao 

1 20 

1 3 ! 

1 09 

1 50 

300 

*33 


*6* 

75 

3 *o 

40 

*47 

1 00 

1 70 

SO 

14 « 

1 61 

420 

560 

*91 

1*41 

150 

*ol 

a 00 

3 00 

1 V 

1 92 

1 00 

110 

2 10 

3 7 ° 

3 00 

3 49 

1 (0 

107 

1 6j 

> So 

1 70 

69 

1 86 

60 

1 00 

» 5 * 

1 5 1 

| 3 10 

5 1 ° 

* 34 

I 9 k 

99 

a 11 

1 90 

9 ° 

1 1* 

1 81 

80 

1 00 

167 

1 45 

3 20 

1 3 ° 

aaj 

*44 


* *4 

» 00 

3 60 

1 So 

1 10 

1 90 

a 50 

*75 

*?4 

140 

6 90 

77 

3? 

34 * 

• 7 * 

3 70 

1 90 

191 

a 68 

a 50 

a ao 

5 00 

a 68 

44 ° 

7 4 ° 

5 47 

18 

HU 

MFI7I 

a jo 

110 

3 05 

l8i 

460 

a ao 

486 

2 86 

1 ? 

4 7 ° 

4*9 

3 05 

l °9 

410 

2 So 

217 

1 12 

3 70 

a ao 

4 JO 

3 7 * 

5 S° 

4 *° 

5 55 



•Jo 

3 Jo 

*85 

416 

3 50 

4 10 

4 00 

4 °j 

♦ 70 

480 

»*♦ 

4>J 

\U 


a ao 

a 30 

304 

1 53 

310 

2 JO 

344 

3 3 * 

* *° 

800 

79* 



»«« 

|i 10 

*7 60 

* 5»3 

*7 53 

30 70 

16 So! 3816 

3306 

| 47 4 « 

6a 00 

J< 9 * 

17 9 * 








































report— 1870, 


m 


IRELAND. 


Division XX.— Muhster. 

Div.XXI.— 
Leinster, 


Cork 



1 

Kerry. 

1 

WATBItrottD 

CUHI. 

Carlow 


Cork, 









Fenagh 

Height of 

Quern’s 

Fe i*m oy. 

Diu’miime 

Waterford 

1 thirteen 

House, 

Bain-gauge 

above 

Col h (go 









BagnaUtowu. 













Ground 

6 ft 0 in. 

1 it. 0 m 

1 ft 

1 in 

4 ft 0 in 

1 ft 0 in 

1 ft 0 m 

Sea-level 

0511 

114 ft 

12 ft 

00 It 

287 ft. 

340 ft 


1874 

1873 

1874 

1875 

1874 

1875 

1874 

1875 

1874 j 1875 

1874 

187&. 


in 

in 

in 

in 

m. 

in 

m 

m 

in 

in 

in 

in. 

January. 

2 77 

788 

1 46 

7 82 

5*7 

7 36 

264 , 

7 4 

2 61 

482 

305 

5-76 

February 

5 4 1 

I 4 * 

5 43 

* 35 

5 54 

2 48 

29* 

231 

233 

\ 64 

l 04 

ft 81 

t'47 

March 

ic5 

1 21 

1 68 

1 92 

3 20 

2 35 

1 3 1 

1 90 

1 23 

1 14 

i*6o 

Apnl 

May M „ 

l 64 

109 

2 21 

>63 

326 

3 ji 

2 61 

1 5 ° 

1 62 

85 

1*71 

92 

*18 

2+2 

98 

244 

1 20 

3 31 

52 

1 61 

1 53 

189 

> 34 

1 88 

June . . 

‘ 9 1 

3 01 

1 01 

2 55 

2 34 

5 37 

1 69 

327 

> 97 

3 20 

1 80 

2 66 

July .. 

117 

1 96 

1 11 

2 09 

4 i 3 

io + 

2 40 

3 80 

290 

2 27 

rii 

*•97 

Angutt . 

I 66 

MI 

2 29 

1 97 

441 

3 24 

3 08 

228 

5 3* 

138 

465 

VOI 

September 

} 3 s 

6 48 

3 93 

6 10 

5 19 

10 61 

3 37 

5 56 

4 *8 

7^1 

2 78 

5 15 

October 

3 26 

649 

4 08 

5 37 

644 

696 

6 30 

989 

, 404 

1*64 

496 

5 59 

November 

369 

4 21 

4*71 

4 l 9 

528 

4 37 

5 *9 

444 

3 55 

2 83 

a 06 

**02 

December . 

5 >5 

a 28 

4 9 1 

13 1 

8 17 

1-97 

468 

203 

1 4»4 

2 02 

3« 

1 64 

Total* ... . 

3 ° 35 

40 86 

35 8 <> 

39 74 

54 43 

54 **| 

37 77 

46 86 

35 5 ° 

33 19 

i»*j 

35 57 


Division XXII.— Coiwavghi ( continued ). 

Division XXIII. — Ulster. 

i 

Roscommon. 

1 

Mayo 

Suuo 

Cavan 

Fkkmanauh 1 

Down. 

Height of 
Bain-gauge 
above 
Ground . 

Holywell 

Cloona Cagtlo 

Mount 

Shannon, 

Sligo 

Bed HiUr, 
Belturbet 

Horen oe 
Court. 

Waringstown. 

5 ft 6 in 

2ft Om. 

4 ft ft in. 

0 ft 9 in 

1 ft 9 in. 

Oft. 4in. 

Sea-level, 

• 


80ft 

70 ft 

208 ft 

200ft 

190 ft 


1874 

1876 

1874 

1876. 

1874. 

1876 

1874. 

1876 

1874. 

1876 

1874. 


January , .. 
February . 

m 

in. 

in 

in 

m. 

UL 

m. 

m, 

UL 

in. 

In. 

u. 

2 70 

3*50 

J*JO 

5 50 

435 

3 97 

238 

5°7 

4 06 

876 

1 98 

4'33 

1 10 

178 

3 ‘ 10 

50 

2 40 

,, 5 a 

1 63 

**53 

1*°5 

>*77 

a ao 

J-49 

March . 

500 

80 

2*50 

j 50 

2 45 

* 79 

2 09 

9 » 

jiS 

1 89 

1*63 

April. 

* 54 

’45 

480 

1 30 

3 46 

81 

2*56 

51 

4 21 

*7 

**4> 

'5* 

May .... 

2*25 

2 20 

1 00 

3*20 

1 7B 

265 

1 38 

>49 

S 9 1 

3*47 

75 

*79 

Jui. ... ,y. 

179 

3>5 

3 20 

3*00 

, 5 8 

3*9 

1-28 

3 5* 

77 

4* 16 

>‘4° 

3 T 5> 

Wj. 

ft 60 

* 75 

2 60 

1 00 

3 80 

2 96 

*4* 

ft 64 

1*46 

i'7* 

31-46 

4**9 

August .. . 

ftfe" 

3*00 

3**5 

390 

3*20 

4 ®9 

3 77 

4 43 

3 *9 

3*35 

406 

47* 

2*63 

3 7a 

5 «5 

5 10 

400 

581 

3 40 

3 3° 

4*1 

671 

7 55 

JB 

m 

October 
. November , 

*57 

485 

850 

350 

495 

4 99 

443 

S * 2 

710 

T’H 

Wi 

3*55 

3*7 

568 

200 

3 40 

426 

4*'7 

3 01 

4 57 

4 57 

4*j3 

419 

Daoember , 

1'4° 

3-65 

6*00 

3 60 

5*3 

* 5* 

yi 9 

• 55 

458 

470 

ru 

m 

IflUll. 

1 «S 4 

36 %i 

46*80 


45’J* 

35*50 

3115 

J^S 


J **7 

'*r*t 

fid 












ON THE RAINFALL OP THX BRITISH ISLES, 


IRELAND, 


Caklow 

contmned) 


Division XXI. —LuiifftTKE ( contmiud ). 

I Kina's Co. || Wicklow, II Ditblik 


jPorUrHngton Tullamor* 


Fawwroe, 

Bray 


Division XXII.— 

Coff (TAUGHT. 


Dalwat. 


Qlaauevin I Oegg Park 


1 ft Oin, 
291 ft. 


1 ft. 2 in 
210 ft. 


8 ft 0 in 

285 ft. 


5 ft, 0 in. 
250 ft. 


3 ft 0 in 
130 it 


0 ft. 0 in. 
30 ft. 


874 1875 1874. 1875 1874 1875 l| 1874 1875. 1874. 1873 1874. 1875 1874, 1876. 
























































REPORT— 1876, 


&04 


Ninth Report of the Committee , consisting of Prof. Everett, Sir W. 
Thomson, F.R S., Prof. J Clkkk Maxwell, F.R.S., G. J. Symons, 
F.M.S., Prof. Ramsay, F R S , Prof A. Geikie, F.R.S., James 
Glaisiier, F R.S., Gforoe Maw, F.G S , W. Pengelly, F.R S., 
Prof. Hull, F R.S , Prof Anstkd, F R S., Prof. Prestwich, 
F.R S., Dr. C Le Ne , \ e Foster, Prof A S. IIerschel, G. A. 
Lebour, F.G S , and A. B Wynne, anointed fqr the purpose of 
investigating the Rate of Increase of Underground Temperature 
downwards in various Localities of Dry Land and under Water . 
Drawn up by Prof. Everett, Secretary 

A remarkable Bence of observations have recently been taken in a boring 
at Speronbcrg, near Berlin. The boro was carried to the depth of 4052 
Rhenish (or 4172 English) feet, and was entirely m lock-salt, Twth the excep¬ 
tion of the first 283 feet, which were m gypsum with some anhydrite The 
observations were taken under the direction of Herr Eduard Bunker, of 
Halle an der Sualc, and are described by huu in a paper occupying thirty- 
two closely printed quarto pages (200-23S) of the * Zeitschntt fur Beig-, 
Hutton- und Salmon-Wesen’ (\x Band, 2 and 3 Lieferung Berlin, 1872). 

The instrument employed for measuring tho temperatures was the earth- 
thermometer of Magnus, which gives its indications by the overflowing of 
mercury, which takes place when the instrument is exposed to a higher tem¬ 
perature than that at which it was set. To take the reading, it is immersed 
in water a little colder than tho temperature to be measuied ; the tompera- 
ture of this water is noted by means of a normal thermometer, and at the 
same time the number of degrees that are empty in the earth-thermometer is 
noted. From theso data the maximum temperature to which tho instrument 
has been exposed can lie deduced, subject to a correction for pressure, which 
is not very large, because the same pressure acts upon the interior as upon 
the extenor of tho thermometer. 

In tho following resume (as in the original paper) temperatures are ex¬ 
pressed in tho Reaumur scale, and depths in Rhenish feet, tho Rhenish foot 
being 1*029722 English foot 

Observations were first taken, at intervals not exceeding 100 feet, from the 
depth of 100 feet to that of 4042 foet, the temperature observed at the former 
depth being 11°, and at the latter 38°*5 ; but all theso observations, though 
forming in themselves a smooth senes, were afterwards rejected, on the 
ground that they were vitiated by circulation of water and consequent con¬ 
vection of heat. 

' It has often been supposed that though this source of error may affect the 
nkddlc and upper parts of a bore, it cannot affect the bottom; but the Speren- 
befrg observations seem to provo that no such exemption exists. When the 
boro^d attained a depth of nearly 3390 feet, with a diameter of 12 inches 
2 lines'at the bottom, an advance-boro of only 6 inches diameter was dnven 
17j feen further. A thermometer was then lowered halfway down this 
edvance-fcore, and a plug was dnven into the mouth of the advanoe-bore so 
as f /isolate the water contained in it from tho rest of the water above. Alter 
twenty-eight hours the plug was drawn and the thermometer showed a tem¬ 
perature 38°*8. On the following day the temperature was observed at the 
same depth without a plug, and found to be 33°*6. Another observation with 
the plug was then taken, the thermometer (a fresh instrument) being left 
twenty-four hours in its position. It registered 30°-G, and again, without 
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pluggiug, it gave on the same day 33°*9 It thus appears that the effect of 
convection was to render the temperature in the advance-bore 3° R. too low. 

Apparatus was then employed for isolating any portion of a boro by means 
of two plugs at a suitable distance apart, with the thermometer between thorn. 
This operation was found much more difficult than that above described, but 
in several instances it gave results which were deemed quito satisfactory, 
while in other instances the apparatus broke, or the plugging was found im¬ 
perfect The deepest of the successful observations by this method was at 
2100 feet, and the shallowest was at 700 feet. The first 444 foot of tho boro 
wero lined with iron tubes, between which the water had the opportunity of 
circulating evon when the innermost tube was plugged , hence the observations 
taken in this part were rejeotod. 

All the successful observations aro given in the third column of the follow¬ 
ing Table, subject to a correction for pressure; and, for the sake of showing 
tho error due to convection in the oidinury mode of obseiving, the tempera¬ 
tures observed at tho same depths when no plugs were used are given in the 
second column .— 


Depth in 
feet 

Tempera! ur 

Without 

plugging 

o R* auniur 

With 

plugging 

i 

Difference 


0 

0 

0 

700 

1008 

1706 

0 98 

900 

17 18 

18 5 

132 

1100 

1908 

208 

172 

1 300 

20 38 

21 1 

0 72 

1500 

22 08 

22 8 

0 72 

1700 

22 9 

242 

13 

1900 

248 

25 9 

1 1 

2100 

208 

28 0 

12 f 

3300 

34 1 

3615 

20ft 

I 


These temperatures are not corrected for pressure, but they aro corrected 
for nse of zero m the normal thermometer; and this last circumstance 
explains the difference of 0 4 between the temperature 36°*15 here given and 
86°*55, which is the mean of the above-mentioned observations at the depth 
of 3390 feet. 

Another pi oof of tho injurious effect of convection was obtained by com¬ 
paring the observed temperatures (without plugging) m the first 400 feet of 
the great bore, designated Bore I., with the temperatures observed at the 
same depths during the sinking of another boro, designated Bore II., near it, 
the observations in this latter being alwajs taken at the bottom. The fol¬ 
lowing were the results — 

' Temporuturc 


Depth in 
feet. 

Bore I 

0 

Bore 11, 

o 

100 . 

11*0 

9*0 

200 . 

. 11*0 

10*4 

300 . 

. . 12*3 

115 

400 . 

. 13*0 

12*5 


,Thfl temperature at the depth of 100 feet in the great bore thus appears 
to have been raised about 2° R by convection. 

The following is a Table of tho successful observations, corrected for 
pressure;— 
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Depth in 

Tempers tar* 

Rhenish 

Reaumur. 

feot 

. lf-275 

7oO . 

900 . 

.. . . 18-780 

1100 . . .. 

. 21 147 

1300 . . 

. 21*510 

1500 

... 23 277 

1700 . 

. 24 741 

1000 . 

. 26 604 

2100 . 

. 28-668 

3390 . 

. 37*238 

Assuming, with Herr Dunker, the 

mean temperature of the surface to be 


7° 18, which is the mean annual temperature of the air at Berlin, we hare 
the following increments of temperature with depth :— 


DeptJis m Rhenish 
feet. 

Increment 
of depth 

Increment of 
temperature 

Increase 
per 100 feet 
deg Ream 

Increase 
per 100 feet 
deg Fahr 

Oto 700 

700 

10 096 

? 442 

§24 

700 to TOO 

200 

1506 

762 

1 09 

TOO to 1100 

200 

2 307 

1 184 

260 

1100 to l.'fOO 

200 

0 303 

182 

*41 

1300 to 1500 

200 

1707 

884 

199 

1500 to 1700 

200 

1404 

732 

106 

1700 to 1000 

200 

1703 

882 

198 

1000 to 2100 

200 

2 104 

1082 

2 43 

2100 to 3390 

1290 

8 670 

664 

149 

| 0 to 3390 

3390 

30068 

•887 

2*00 


The mean rate of increase found by comparing the temperature* at the 
suiface and 3300 feet is exactly 1° Fahr, for 50 Rhenish oc 51-5 English 
feot. 

The numbers in the last two columns exhibit upon the whole a diminu¬ 
tion with increase of depth, in other words, the temperature increase* le*» 
rapidly as we go deeper down. As regards the first 700 feet, which exhibit 
a decidedly more rapid rate than tho rest, it must be remembered that nearly 
half of this distance was in a different material from the rest of the bore, 
being in gypsum with some anhydrite, while all the rest was in rock-salt. 
Prof. Herschel has found, m reoent experiments not yet published, that the 
conductivity of rock-salt is exceedingly high , and theory shows that the 
rates of increase, in superimposed strata, should be inversely as their conduc¬ 
tivities. We may therefore fairly attribute the rapid increase in the first 
700 feet to the relatively small conductivity of the portion (283 feet) which is 
not rock-salt. The slow rate of increase observed in the long interval between 
the depths of 2100 and 3300 feet is not so easily accounted for; we can only 
cqnjecture that this and the other inequalities which the above Table pre¬ 
sents, for depths exceeding 700 feet, are due to fissures or other inequalities 
in the rock which have not been put in evidence, 
wf* With the view of summing up his results in small compass, Herr Dunker 
nas assumed the empirical formula— 

t » 7*18 4* 4" 
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i denoting the temperature (K^aumur) At the depth x (Rhenish feet), and 
has computed tho most probable values of a and b by the method of least 
squares. He finds 

a — *0129857 h « - *00000125701, 

tho negativo sign of h indicating that tho increase of temperature beoomes 
slower as the depth increases. 

A paper by Prof. Mohr, of Bonn, as represented by an abstract published 
in ‘ Nature* (vol. xn p. 545), has attracted attention from the boldness of its 
reasoning in reference to tho Spcrcnberg observations. Prof Mohr, however, 
does not quote tho observations themselves, but only the temperatures calcu¬ 
lated by the above formula, which he designates, in his onginal paper (‘ Neues 
Jahrbuch fur Mineralogie/ &e,, 1875, Holt 4), 4 ‘ tho results deduced from the 
observations by tho method of least squares.In the abstract in ‘Nature* 
they are simply termod “ Ihe results of the thermometnc investigation of the 
Kperenbcrg boring,” a designation which is still more misleading. 

Attention is called to the circumstanco that the successive increments of 
temperature for successive equal increments of depth form an exact arith¬ 
metical progression, as if this were a remarkable fact ot observation, whereas 
it is merely tho result of the particular mode of reduction which was adopted, 
being ft mathematical consequence of the assumed formula— 

t as 7 18 + ax -f- ftx 9 . 

The method of least squares is not responsible for this formula, but merely 
seivee, after this formula has been assumed for convenience, to give the best 
values of a and b . 

Horr Dunker, in his own paper, lajs no stress upon the formula, and gives 
a caution against extending it to depths much greator than those to whioh 
the observations extend. Writing to Prof. Everett under date April, 1876, 
ho requests that, in the summary of bis results to be given m the present 
Report, the formula should either be suppressed or accompanied by the state¬ 
ment that its author reserves a different dcduotion. 

The following are the differences between the temperatures computed by 
the formula and tho observed temperatures:— 

Difference (computed 


Depth. 

wmtva observed) 

700 . 

. -1-621 

900 .... 

. . . . -1631 

1100 ... . 

. . . . -1204 

1300 

. . . +0-427 

1500 . 

. +0 653 

1700 

+ 0 882 

1900 . 

.. +0-811 

2100 .... 

.+0-238 

8390 . 

. -0-482 


The necessity of adopting some means to pretent the circulation of wfttw 
in bom has for some time been forcing itself upon the attention of your 
Committee. Many of the observations taken by their observers have eon* 
Wined snob palpable evidence of convection as to render them manifestly 
useless for the purpose intended ; and in tho light of the Spcrcnberg experi¬ 
ments it is diffioult to place much reliance on any observations taken in deep 
bores without plugging. The selection of a suitable form of plug Is now 
occupying the careful attention of your Commit too. 
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Herr Bunker's paper gives a very full account of the different kinds of plug 
eraplojed at Sperenberg. 

For stopping the mouth of the advance-bore the ping had a tapering shape, 
and was of hard wood, strengthened by two iron rings, one at each end, and 
covered uith a layer of tow 5 lines thick, outside of which was thick and 
strong linen, nailed above and below to the wood through a leather strap. 
It was lowered luto its place by mtans of the iron rods used for boring; and, 
when in position was pressed home by a portion of the weight of the rods. 
The plug earned the thermometer suspended from it. Its extraction was 
commenced by means of a screw on the beam of the boring-machine, in order 
to avoid a sudden jerk, which might have broken the thermometer. The force 
which was found necessary for thus starting the plug, as well as the impres¬ 
sion observed upon it when withdrawn, showed that it had flttod tight. To 
insure a good fit, the top of the advance-bore had been brought to a suitable 
shape, and its inequalities removed, by moans of a revolving cutting-tool. 
Herr Bunker remarks that this plan is adapted to a soft material like rock- 
salt, but that in ordinary hard rock it would be better to make the bottom of 
the main bore flat, and to close tho advauco-bore by an elastic disk pressed 
over it. The method of observation by advance-bores can only be employed 
during the sinking of the bore, a time when it is difficult to avoid error arising 
from the heat generated in bonng. The expense of making an advance- 
bore at each depth at which an observation is required is also an objection to 
its uso. 

Another kind of plug devised by Herr Dunker, and largely need in tho 
observations, consisted of a bag of very stout india-rubber (9 millimetres 
thick) filled with water, and capable of being pressed between two wooden 
disks, one above and tho other below it, so as to make it bulgo out in tho 
middle and fit tightly against tho sides of tho boro. On the suggestion of 
bore-inspector Zobel, the pressure was applied and removed by means of 
screwing Two steel springs fastened to the upper disk, and appearing, iu 
Herr Bunker’s diagram, very like the two halves of a circular hoop distorted 
into an oval by pressing against its walls, prevented the upper disk from 
turning, but offered little resistance to its rising or falbng. The lower disk, 
on the contrary, was permitted to turn. Both disks were carried by the 
iron boring-rods. Rotation of these in one direction screwed the disks 
nearer together, and rotation in the other direction brought them further 
apart. The india-rubber bag could thus be mude to swell out and plug the 
boro when it was at the desired depth, and could be reduced to its original 
size for raising or lowering. In order to prevent the boring-rods from be¬ 
coming unscrewed one from another, when rotated backwards, it was neces¬ 
sary to fasten them together by clamps, a rather tedious operation m working 
at great depths. 

In taking observations at other points than the bottom, two of these plugs 
were employed, one above and the other below the thermometer. 

In some of the experiments, the apparatus was modified by using linen 
bags filled with wet clay, instead of india-rubber bags filled 1 with water; 
and, instead of screwing, direct pressure was employed, the lower disk being 
supported by rods extending to the bottom of the bore, while the upper disk 
oouV) be made to bear the whole or a portion of the weight of the rods above 
it. Some successful observations were obtained with both kinds of bag; but 
the water-bags were preferred, as returning more easily to their original sice 
when tho pressure was removed, and consequently being less liable to injury 
in extraction. In some observations sinoe token in another place (Suaen- 
berg), Herr Bunker states (in the private letter above referred to) that 
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thdfa-rubbor bags, filled 'with water, and pressed, not by screwing, but b) 
the weight of the rods, were employed with much satisfaction 

All the methods of plugging employed by Herr Dunker involved the use 
of the iron rods belonging to the bonng-apparatus and therefore would bo 
inapplicable (except at great exponso) after tho operation ot boring is finished 
and the apparatus removed 

It soems desirable to contnvo, if possible, some plug that can be let down 
and raised by a wire In tho first report of your Committee, it w as suggested 
that two bags of sand, one aliovo and the other below the thermometer, 
should be used for this purpoeo Bags of sand however would bo liable to 
rub off pieces from the sides of the bore, and thus to become jammed m 
drawing up Mr Lcbour has doused a plug which will be of small diameter 
during tho processes of lowering and raising but can be rendered large and 
made to fit the bore, when at tho proper depth by lotting down upon it a 
sliding weight suspended by a second wire Sir W Thomson suggests that 
a series of india-rubber disks, at a considerable distance apart, will pro 
bdblv bo found effectual 

Mr Boot has continued his observations in the bore which ho is making 
at Swindorb), near Scarle (Lincoln) It has now been carried to tho depth 
of 2000 feet, and is m eartny hmostone or calcaroous shalo of Carbomfeious 
ago Its diameter in tho lower part is only inches In April last tho 
temperature 78° F was observed at 1050 ieet and more recently 79° F 
was observed at 2000 foot—tho water in each case, having been undisturbed 
for ft month Supposing those results not to be vitiated by convection, and 
assuming the mean temperature at the surface to be 50° wo havo an increase 
of 29° in 2000 foot, which is at tho rate of 1° in 69 feet 
Mr Symons has taken a senes of observations at the depth of 1000 feet in 
the Kentish Town well, with tho view of determining whether the tempo 
rature ohanges Tho instrument emplojod is a vory Inrgo and delicate 
Phillips s maximum thermometer The following is a list of tho ohser 
rations — 


Date of lowering 

D< pth 
indicated 

Thermo 
meter 
set at 

Date of 
raising 

Depth 

indicated 

Temperature 

Fahr 



feet 

&60 



feet 

o 

1874 — 


1000 

1874, Msy 

8 

1007 

0682 

Sg 

8 

2 

1000 

1000 

03 80 
6320 

July 

Julj 

2 

28 

1000 

1005 

(reading^! o»t ) 

July 

28 

1000 

6510 

Sept 

8 

1004 

67 51 

ftspt 

8 

1000 

a r )80 

Sept 

29 

1004 

67 43 

Sept 

29 

1000 

65 81 

Oot 

30 

1006 

67 68 


30 

1000 

03 40 

Dec 

3 

1006 

07 52 

l)qc 

3 

1000 

6380 

1875 Jan 

7 

1009 

671»H 

W75 Jan 

7 

1000 

63 7o 

hob 

1 

1000 

67 56 

Feb 

1 

1000 

03 JO 

Mur 

3 

100 j 

67 )S 

Mar 

8 

1000 

03-90 

May 

3 

1000 

07 62 

May 

3 

1000 

03 95 

June 

1 

1005 

07 49 

Jane 

1 

1000 

6300 

July 

7 

1005 

07 53 

July 

7 

1000 

0387 

Aug 

S 

1004 

07 68 

Aug 

3 

1000 

63 87 

Sept 

10 

1004 

07 58 


um 

1000 

0400 

Oct 

2 

1003 

67 58 

o£ 

2 

1000 

6300 

Oot 

19 

1004 

<7-02 

OB*. 

Da 

1000 

03 80 

Nor 

1 

1005 

0702 

■ip»a 

1 

1000 

0370 

Dec 

1 

Wire broke j 


Ifra 
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The “ depth indicated ” is shown by a measuring wheel of pulley* 

9 which the wire runs by whioh tho thermometer is raised and lowered, ** 
described, with a diagram, in tho .Report for 1809. Tho above Table shews 
that thoro is always some stretching, real or apparent, iu the interval be- 
twoen lowering the thermometer and raising it again. Recent observations, 
by moans of a fixed mark on the wire, lia\o shown that the change if not, 
m the .mam, a permanent elongation, but an alternation of length* It if 
probably due in part to tho greater tension which the wire is under in rib* 
ing than m lowering, a circumstance which will cause a temporary diffiMS 
ence of length vanablo with the rapidity oi winding up; also in part to the 
ciroumstanco that the wire is warmer when it has just loft the water than 
when it is about to be let down. Home portion of the irregularity observed 
may be due to variations of temperature in that part of the well (210 feet) 
which contains air The observations, taken as a whole, show that guy 
variations of tempemtUro whioh occur in this well at the depth of 1000 fefct 
are so email as to be comparable with the almost inevitable errors ef ob¬ 
servation. Tho observations will he contmnod ut intervals of si* months, 
with additional precautions, and with an excessively slow (specially 0011- 
strueted) non-registonng thermometer, in addition to the maximum ther¬ 
mometer hitherto employ cd. 

Through tho kindness of tho eminent goologist M. Dclcsae, of the Eoole 
Normalc at Turn, observations ha\o been obtained from tho coal-mines of 
Anzm, in tho north of Trance. The} wore taken under the direction of 
M. Marall), chief engineer of llicso mines. Maximum thermometers tf 
the protected Negrotti pattern were inserted in holos bored honsontally to 
the depth of 0 or -7 of a metre m the sides of shafts which were ih 
cess of sinking, and in which thero was but little circulation of rir* A 
quarter of an hour was allowed to elapse in each case, after the boring of 
the hole, before the thermometer was inserted and the hole plugged* Feu* 
different shafts were tried. Those designated as Nos. I., II., Ill- wore to 
tho mine Chabaud La Tour, and No. IY. was in the mine Renard. 

In shaft I. observations were taken at eight different depths, commencing 
with the temperature 50 \° F. at a depth of 3^-5 metres, and ending with 
G7|° F. at 200*5 metres. 

In shaft II thero were observations at four depths, commencing with 
55° at 87*3 m., and ending with 63J° at 185 m. 

In shaft III. there were observations at three depths, commencing with 
56° at 87*8 m., and ending with 62J° at 144 m. 

these threo shafts, all belonging to the same mine, were very wet, and < 
the temperature of tho air in them was 11° or 12° C. (52° or 54° F.)* 

In shaft IV., which was very dry and had an air temperature of about 
16° C. (59° F.), observations were taken at six depths, commenblilfc with 
70|° F. at 21 *2 m., and ending with 84° F. at 134*8 m. 

The moan rates of increase deduced from theso observations are i— 


Shaft 

i., i° 

F. 

in 14-4 

m», 

or in 47*2 foot. 

M 

it., 

11 

11-5 

m., 

n 

87-7 

11 

n 

in., 

1* 

8-05 

m, 

n 

28-4 


n 

IV., 


8-57 

iu., 

ii 

28-1 



The observer mentions that in shaft U. there was, at a depth of $0 to., A 
ieara of coal in which heat was generated by oxidation; but fed atiA 
remark is made with respect to any of the other shafts, althotlA It to 
obvious that some disturbing cause has rendered tho temperatoreIMbaft 
IY. abnormally high. Possibly tho heat generated in boring the hdUflfr 
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the tbemematers In this shaft (which Was dry) has vitiated the observations, 
the instruments employed being maximum thermometers. Two of the Slow 
non- registering thermometers mentioned in last j ear’s Report hare been 
sent to 11. Delesse, to be used for verification, 

The slow-action thonnometora are constructed on the following plan :—* 
The bulb is cylindrical and very strong, and is surrounded by steanne or 
tallow, which fills up the space between it and a strong glass shield in 
which the thermometer is inclosed. The shield is not hormetic&Uy sealed 
(not being intended for protection against pressure), but is stopped at the 
bottom with a cork, so that the thermometer can bo token out and put ill 
again if desired. Htcarino and tallow wero selected after trials of several 
substances, including paiaffin-wax, bces’-wax, glue, plaster of Taris, pounded 
gloss, and cotton-wool. Tho thermometers are inclosed m copper coses 
lined with india-rubber. When placed, without these casts, m water dif¬ 
fering 10° from their own tcmpciature, they take nearly half a minute to 
alter by one tenth of a degree. 

In concluding this Report, your Committee dcsiie to express their regret 
at the louses which they have sustained by the deaths of Prof. Phillips, Sir 
Charles Lyell, and Col. Strange, of whoso valuable services they have been 
deprived within tho last tluee years. 


Nitrous Guide m the Gaseous and Liquid States, 

; By W. J. Janssen. 

[A coioimmlfttlon ordered by tho General Committee to be printed in exteitso.] 

The experiments of Faraday on tho liquefaction of gases have already proved 
that gases at tho ordinary conditions of pressure and temperature ore Vapours 
at a remote stage from their points of condensation. If Bcveral gases sub¬ 
mitted to groat pressure and the cold of the carbonic and and ether bath 
did not exhibit any appeal ante of liquefaction, tho causo is probably that 
Faraday did not obtain a temperature low enough to produce liquefaction. 
Hence we may conclude that the gaseous and liquid states of matter depend 
only on the temperature and pressuro to which it is exposed. The interest¬ 
ing experiments of Dr. Andrews with carbonic acid (Philosophical Trans¬ 
actions for I860) not only verified this conclusion, but gave the important 
result that gases and liquids are distant stages of the t-anie condition of 
matter, whioh niay pass into one another without breach of continuity. The 
temperature at which matter, without sudden change of volume or abrupt 
ctfworptioii of heat, passes from the ordinary liquid to the ordinary gaseous 
state 1 $ called by Dr. Andrews tljo critical point, above tbot temperature a 
gas never can be liquefied by pressure, it behaves like u permanent gas ^ 
bolow that temperature it will be liquid or gas, or more exactly liquid or 
Vapour, according to the pressure to which it is exposed. For the details I 
refer to tho above-mentioned paper. 

I have made tho same kind or experiments with nitrous oxide, a gas whoso 
physical properties agree much with those of carbonic acid. The appaiatus 
Was ftiguar to that used by Dr. Andrews, to whom I am much indebted for 
tk# great hindness with which he has afforded me every instruction, and for 
Igs invaluable advice about thb use of his apparatus during my stay at Belfast 
Wl afterwards. 

r 2 



212 


KKPOKT—inro. 


As my cxpoiimonta with mtroua oxide presented anomalies which did not 
occur with carbonic acid, I first mode somo experiments with the latter gas, 
in order to try whether they were to be ascribed to observational errors or to 
the nitrous oxide I used. The results are given in the following' Tables, 
where is the fraction representing the ratio of the volume of the air after 
ind before compression to one another at the temperature t f «the correspond¬ 
ing fraction for the carbonic acid at the temperature t\ and l the number of 
volumes which 17,000 volumes of carbonic acid, measured at 0° and 700 
nullims., would occupy at the temperature and pressure of the observation* 
The number 1 7,000 has been token as unit to compare those Tables with 
those of And rows. 


Tabit: I.—Carbonic Acid at 21°*45 C. 


K 

t 

€ 

t\ 

/, 

l 

frB 70 

VH8 

l 

106 70 

2i 44 

173-0 

fO Hi 

IS 

1 

) 1 J .0 

21 17 

1021 

1 

| eo oi 

12 20 

1 

164 20 

21-41 

111*7 

j _» 

' rti ii 

12 20 

1 

^0 10 

21 49 

52 4 1 

1 

02 IS 

12-40 1 

1 

421 13 

2150 

j 

42 9 


Table II.—Carbonic Acid at 31° 15 C. 


< 

t. 

€ 

t 


i i 

j 6 4hJ 

10 51 

\ 

me 20 

31 20 

173-6 

1 

67 *a" 

10 off 

i 

124 6 

31 12 

152-4 

1 

OB4J 

| 

10 GO 

1 

1AI 7B 

3M9 

142 8 

1 1 

j 70 aT 

10 10 

1 

110 21 

HI 13 

135-2 

l 

, uo» 

10 07 

1 

lAo 76 

31-11 

121-7 

1 1 

73 36" 

1 

10-30 

1 

its a 

31-18 

112 8 

1 

74 60 

10 52 

i 

31 14 

91*-7 

l 

76 JhT 

10 05 

1 

29J J7 

3113 

64-0 

l 1 

78 66 i 

JO 30 

1 

a?o“?4 

31-19 

61-1 

1 

M 40 

10-30 

1 

UV7 70 

31-15 

47-4 
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Those results agree closely with tho experiments of Dr Andrew s at the cor¬ 
responding temperatures, tho differences being only 0 2 of an atmosphere At 
21°*47 the gas passed into the liquid stito at a pressuro of 59 8 atmospheres, 
whilst its volume had diminished from 17,000 to 1(52; with Dr. Andrews 
this pressure amounted to GO 05 atmospheres, and tho corresponding \oluroc 
of the carbonic acid to 100, As the quantity of air m my cose was about 
of the entire volume of tho gas, tho increase of pressuro to liquely tho 
whole after liquefaction had begun, amounted to about 2 4 atmospheres, n/ 
from 59 81 to 02*18. The critical temperatures 1 lound to bo 30 o, 87. It 
will be observed that the pressures arc those indicated by tho npparont con¬ 
traction of tho air in the air-tube. 

In tho following Tables $ and e ha\ o tho same meaning as before, but ap¬ 
plied to nitrous oxide ; 7, howover, lepresents tho number of volumes which 
1000 volumes of nitrous oxide, moasuicd at 0° and 760 millims., would oc¬ 
cupy at the temperature and pressure of the observation The experiments 
were made at tho temperatures of 25°*15, 82° 2, Jib 0 1, 38° 4, and 43°*8, two 
series below, and three above, the critical point, which was found to varj 
between 30° 3 and 36° 7. Tho appearances were the same as with carbonic 
acid. 
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Tadeh II — N’ltiouu Oxide tit ,42° 2 
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i.VBUa III —Nitrous Oxide ut JO 4 
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Tablk IV —Nitrous Oxide at 38° 4 
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Talte V.— 

Nitrous Oxide at 43°*8. 
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Comparing tliCBo results for nitious oxido with thohe for carbonic acid found 
by Dr. Andrews, we find the compressibility of the two gases nearly the same 
at temperatures equidistant fiorn their critical points At tho temperature of 
25 °* 10 , liquefaction begins under a pressure of 57*83 atmospheres , at 32° 28, 
the gas passes into the liquid state under a pressure of 07 45 atmospheres. at 
this point a great diminution of volume occurs, but not abruptly as in tho case 
of oarbonic acid; this must be nsenbed to the piescnco of a greater quantity 
of a permanent gas in tho nitrous oxide 

In the liquid state, nitrous o\ulo fields as much to procure as carbonic 
acid; tho rate of expansion by heat will bo thereforo very great. This is a 
confirmation of the results of Drion (Ann. do Chim. ct de Phys. t. Ivi. p. 37), 
that the coefficient of expansion of volatile liquids at a temperature still below 
the critical point grows equal to tho coefficient of expansion of gases and in¬ 
creases further, till at the critical point it may attain to a \alue any number 
of times greater than that of air. 

At tompcraturcs above tho cntieal point, tho volume of nitrous oxide 
diminishes with tolerable regularity with increase of pressure, though much 
faster than according to the law of Boyle, tho higher tho temperature tho 
more the oomprcssibihty approaches to that of a porfect gas. When tho gas 
is reduced to the volume at which it might bo oxpccted to liquefy, no trace 
of liquid is to bo scon, tho whole mass of tho gas remaining homogeneous; 
but a rapid diminution of volume occurs from a small increase of pressure < 
this diminution of volumo is not abrupt as in the caso of liquefaction, and 
diminishes greatly at higher tempeiatures. 

The anomalies presented by nitrous oxide Mere :— 

1. Under a given pressure and temperature tho volume of tho compressed 
gas is variable, or vice vend. This anomaly is ^ cry obvious in that condition 
of matter where a rapid diminution of volume occurs at a small increase of 
pressure; under a given volumo of the gas tho difference of pressure can 
amount here to 2 atmospheres, in the other cases this difference is very 
•light, about 0*2 to 0*4 of an atmosphere. This appears from the following 
results 
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2 The pressure icqmrcd to liquefy tho nitrous okido and tho volume of 
this gas at the beginning of liquefaction aro variable 

The pressure required to liquefy tho gas at J r >° 15 lecordod in Tablo I is 
the mean of tho following observations — 
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Tha following senes of expci iments was peilonned w the oourse of a 
day — 
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At) 88 p *8 the gioatcst difference of pressure amounted to 2 atmospheres, as 
tom the awes of experiments 
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3. After liquefaction bus begun an increase of pressure of 16 atmospheres 
or more is icquired to liquefy the whole mass of tho nitrous oxide ; for at 
25°* 17 liquefaction began at n pressure of 57 83 atmospheres, whilst the 
whole was liquid at a pressure oi 73 (58 atmospheres. At 32°*2 I found the 
commencement of liquefaction at a pressure of 07 63 atmospheres, and the 
termination at a pressuio of 84 Oi) utmosplicros Tor carbonic acid, that was 
mixed with to of air, tho incrcaso of pressure amounted to 1*5 at¬ 
mosphere. Ilad tho gas been pure no incrcaso of pressure could Lave oc¬ 
curred. This shows that a git* iter qinntity of a permauent gas must be 
mixed with tho nitious oxide , the variations ot tho volume of the gas under 
a given pressuro and tempoiatuo result perhaps from its whole moss not 
being homogcucous, ns tho diminution ol the volume is too fast to allow a 
peiftct diffusion of the tw r o gases. 

The gas used for these experiments was pioparod from pure niliute of am¬ 
monium. The salt was carefully heated in a tin bath in order to prevent any 
decomposition of tho liberated gas by a too urcgular heating when directly- 
exposed to a flame. It was washed by transmission through a strong solu¬ 
tion of caustic potash and dried over sulphuric acid. The caustic potash de¬ 
composes any solid particles of tho salt that might bo carried over mechani¬ 
cally and retains the nitric acid, whilst the free ammonia is absorbed by tho 
sulphuric acid Purified in this manner, tho gas was made to pass through 
tho glass tube wherein it w as to bo compressod. A pressure of about 00 to 
100 millims. of morcury wus requiied to maintain a moderate current of gas 
through the capillary bore : this current was continued for five hours or more 
in order to ensure the complete removal of tho air; the capillaiy end was then 
sealed and tho othci end ini reduced under mcrcur> As the experiments 
with the tube filled m this manner indicated alwa)s tho presence of a per¬ 
manent gas, I tried afterwards to remove the ail by exhausting the tube with 
the air-pump and then to fill with the gas; this operation was successively 
ropoated from twenty to thirty times, but with no other result. 

As I could not get tho gas pure by heating nitrate of ammonium, I tried 
to get it from liquid nitrous oxide as it is mado in iron bottles in London ; it 
was probable that tho permanent gas would escape first and the nitrous oxide 
remain pure. This, how ever, did not occur, and I got nearly the same result 
asbef^e. 

In order to prevent diffusion as much as possible, all the caoutchouc joints 
were besmeared with a solution of tar and asphalt, and the current of gas 
issued under sulphuric acid. Tho amount per cent, of this permanent gas 
was determined in the following manner:—The absorption-tube of Bunsen’s 
absorptiometer was partly filled under water with nitrous oxide and then left 
standing three days or longer. The whole of the gas was not absorbed; 
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there remained a certain quantity, about -fa to ^ of the entire volume, or 
about 3 5 to 5 per cent. 

This permanent gas cannot bo nitric oxido nor oxygen; for the current of 
nitrous oxide being made to pass successively through strong solutions of sul¬ 
phate of iron and of pjrogaJlate of potassium, theso solutions did not change 
colour. 

The only known permanent gas that could be disengaged is nitrogen. It 
is a known fact that mtrato of ammonium, in presence of spongy platinum, is 
decomposed at 1G0° into nitrogen, nitric acid, and water, the same decom¬ 
position of a part of the salt could hn\o been offoeted by the asperities of the 
inner surface of the retort. This quantity of mtlogon would exert a con¬ 
siderable influence on the specific gravity of tho gas The theoretical specific 
gravity of pure nitrous oxide is ] 524; but being mixed with nitrogen to an 
amount of 3 5 to 5 per cent , it should bo found much smaller, 1*504 to 1*490 
respectively. This result, however, does not accord with actual experiment. 
The specific gravity of nitrous oxido, prepared from mtiato of ammonium, 
was determined according to the method of Bunsen (‘ Gasom, Methoden,’ von 
It. Bunsen), for that purpose 1 used a balloon of 200 cubic contims. Four 
experiments gavo the following results .-—1 5.31, 1 523, 1 320, and 1*627 ; 
the mean value is 1 528, agreeing vei) well with the theoretical specific 
gravity of pure nitrous oxide, but giving u difference of 0 024 to 0 032 from 
tho specific gravity that would have been found if tho gas hod been mixed 
with nitrogen. The^c (hffoionces aio too Jaigo to be accounted for by ex¬ 
perimental errors. 

An analysis of nitrous oxide was made according to a somewhat modified 
method of Frankland and Ward. The hydrogen used in these experiments 
was obtained from tho electrolytic decomposition of water, and tho oxygon 
was generated by heating mercuiic oxide. To ensure that tho mercuric 
oxide is freo from nitrogen, it must be prepared by precipitating corrosive 
sublimate with caustic potash. 

Three analyses of air gavo the following satisfactory results :— 


Nitrogen .... 70*1 S 70 15 70*10 

Oxygen . .20 82 20 85 20 90 


100 O0 100*00 100*00 

Tho following arc the results of tho analysis of nitrous oxide :— 

I. Nitrous ox'icU obtained from the liquid nitrous oxide of an iron bottle . 

(1) Volume of nitrous oxido used . . . 117*39 

Volume after the admission of h}drogcn . . 203 62 

Volume after explosion . . . 149 12 

Volume after the admission of oxj gen , . 206 88 

Volume after explosion. . . . . . 100 19 


Hence tho volume of tho hjdrogcn 146*23, the volume of the oxygen 
57*76, and tho contraction after tho second explosion 46 00. 

Tho remaining volume (160*10) is a mixture of only nitrogen and oxygen, 
where tho amount of oxygen is 67*70—^ x 46 69 =*42*20; hence the volume 
of the remaining nitrogen 160*19—42*20=* 117*99. This volume is by 0*0 
larger than tho volume of tho nitrous oxide used; honco the amount per 
cent. is 0*52. 

The amount of hydrogen that remained after the first explosion is }x 



H»row-*-1876i 


m 


48 , 69aeOl'12f therefore the ainount of hydrogen required id Oottftftttl irtth 
the oxygen of the nitrous oxide is 148*23—81*12** 11 A* 11; hbttoe 
volume of the oxygen contained in thd nitrous oxide Is equal to 
differing hj 1*90 per cent. from the calculated volume of oxygen, which is 
09. 

Hence in 100 volumes of nitrous oxide we lind:— 

By experiment Calculated 


Nitrogen ,. 100 52 100 

Oxygon. 49 02 50 

(2) Volume of nitrous oxide used *. 110 93 

Volnmo after the admission of hjdiogen .. , 200*20 

Volume nfler explosion . ... 151*09 

Volume alter tho admission of oxygen . . , . 207*19 

Volume after explosion. . 155*71 

Hence iti lOO voluffie9 of nitrous oxide— 

By experiment, Calculated. 

Nitrogen . 100 38 100 

Oxygen . .. 49*14 50 


(3) Volume of nitrous oxide usd. 

Voltimo after the admission of hydrogen 
'Volume after explosion ... ... 

Volume after the ftdmi^sio i of oxygen. . . 
Volume after explosion. 


120 42 
284*38 
100*55 
217*53 
107*25 


Hence in 100 volumes of the gas— 

By expert me it ^Calculated. 
Nitrogen . . 100*49 100 

Oxygen .. 49*22 50 

(4) Volume of nitrous oxide used... 149*39 

Volume after tho admission of hydrogen .. 345*62 

Volume after explosion. . 199 65 

Volumo after the admission of oxygen , 320*34 

Volume after explosion . , . ... 252*43 


Hence in 100 volumes of tho gas— 

By experiment Calculated 


Nitrogen . 100*00 100 

Oxygen. 49 28 60 


If. .Nitrous oxitle obtained hj heating nitrate of otmmHUiiiH. 


(3) Volumo of nitrous oxide used. 

Volumo after the admission of hydrogen. 

Volume after explosion. 

Volume after the admission of oxygen. 

Volatile after explosion.. 


128*20 

297-08 

171-26 

226-80 

108*58 


Hence in 100 volumes of the gas*- 

By e\pcriment Calculat'd 

Nitrogen . 100*73 J00 

Oxygen. 19*42 50 
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(6) Volume of nitrous oxide used . 

Volume after the admission of hydrogen 

Volume after explosion.* 

Volume after the admission of oxygen , 
Volume after explosion. 


123*33 
283-23 
102 73 
228 21 
165 00 


Henoo in 100 volumes of the gas— 

By experiment. 

Nitrogen . 10051 

Oxygon . 40 12 

(7) Volume of nitrous oxide used 
Volume after the admission of hydrogen 
Volume after explosion 

Volume after the admission of oxygen . 
Volume after explosion. 

Henoo in 100 volumes of the gas— 

By experiment 

Nitrogen . . 101 00 

Oxygen. 49*40 

(8) Volume of nitrous oxide used 
Volume after the admission of hydrogen 
Volumo after explosion , 

Volume after the admission of oxygen . 
Volume after explosion. 


Calculated. 


100 


50 

156 81 
343 27 
190*60 

s • 

266 00 


218*80 

Calculated. 

100 


50 

147*60 
340 10 

• * • * 

190*13 

200*78 

620-18 


Henoo in 100 volumes of the gas — 

By experiment, 

Nitrogen . 101-05 

Oxygen . 49*32 

(0) Volume of nitrous oxide used. 

Volume after tho admission of hydrogen 

Volume after explosion. 

Volume after tho admission of oxygen 
Volume after explosion. 


Calculated, 

100 

60 

, • • 

165 52 

• » * 

303*19 

» • • 

200*91 

* • • 

271*40 

... , 

221*67 


Hence In 100 volUfnoH of the gas— 

By experiment 

Nitrogeu . 101-34 

Oxygen. 49*60 


Otdoulftfed. 

100 

50 


(10) VoltHnti of nitrous oxide used . 100*23 

Voltnnfc niter the admission of hydrogeu. 357*88 

Volumes After explosion. 202*91 

Volume after the julmission of oxygeft . 272*54 

Volume after explosion. 211 *27 

Henco in 100 volumes of the gas— 

By experiment. CWlcttUtcd 

Nitrogen . 10l*l4 100 

Oxygen. 48*94 60 

Tfc# ably analysis 6t nitrons oxido 1 found in Bun son’s * Qttsoft. Methedsn ’ 
is on pigs 06. Here Quincke sites the results of an analysis of nitrie StHk 
to U added * measured ^ttatitity of nitrous oEido in todas to dNl 

the explosion. 
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Volume of nitric oxide uaod . . 20*99 

Volume after the admission of nitrous oxulo 102*44 
Volume after the admission of hydrogen ,. 233*00 

Volumo after explosion , , , . . 123*10 

Volume after the admission of oxygen , 167*62 

Volume after oxplosion , 122 08 

Hence we 11ml, on the supposition that the nitrous oxide is 
amount of nitrogen and oxjgcn m the intno oxide mlOO \olumcs - 


pure, the 


Nitrogen 

Oxygen 


Bv experiment 

Calculated 

r>2 

50 

47 

50 

off 

100 


But, on the supposition that tho nitric oxide is pure, this anatysis gives re¬ 
sults according with my own 


In 100 volumes of nitrous oxide we find— 

By experiment Calculated 
Nitrogon .... 100 08 100 

Oxygen. 40 18 30 


Tho general rosult of these analyses is — 

(1) Tho \olumo of tho ox\gni in tho nitrous oxide is smaller than tile 
volumo of tho nitrous oxide Used by 0 01 to 2 13 pci cent. 

(2) Tho volume of the nitrogen is larger than tho volumo of tho nitrous 
oxide used by 0 38 to 1 06 per cent. 

That tho \olumo of the oxygen is smaller than half tho volumo of tho 
nitrous oxido used can be explained by tho presence of a certain quantity of 
nitrogen, ranging from 0*61 to 2 13 per cent, a quantity much smaller than 
tho total amount of nitrogen mixed with the nitrous oxide, which was found 
to bo betwoen 3 5 and 5 per cent. 

That tho volume of tho nitrogon contained in tho nitrous oxide is largor 
than tho volume of the nitrous oxido used could bo explainod by the presence 
of a gaa containing nioro nitrogen in a molecule than nitrous oxido, for in¬ 
stance N. O ; such a gas, however, is not known. 

It will bo observed that tkeso analyses do not agree among themselves 
very nearly; and having been prevented from making more experiments, I 
will not venture to diaw uny conclusions from these results, as more analyses 
should be mado, chiefly because the apparatus with which they woro per¬ 
formed was somewhat defective with regard to the diameter of the glass 
tubing connecting the absorbing with tho measuring tube. 

Faraday was tho first who observed an anomaly with nitrous oxide; his 
results wero very uncertain as to tho prossuro of its saturated vapour. At a 
temperature of 0° F. this prossuro amounted to 19*05 atmospheres when 
working from lower to higher temperatures ; but after waiting a day he found 
24*40 atmospheres, consequently a difference of 5 35 atmospheres. This dis¬ 
crepancy ho ascribed to the gas being a mixture of two different bodies solu¬ 
ble m each other but differing in the elasticity of their vapour, 

Stefan(SiUuugsber dor K. Akadomie der 'Wissenschaftcn zu\Vien,Bd.lxxii. 
1875), in his researches on heat-conduction of gases, also found the nitrous 
oxido mi^ &d with another gas. He says, “ Von dicsem Goto wurde vor dem 
Abschltrsse dor Durchleitung dunch den Apparat eine Probe in oinar Abtorp- 
tionsrbhr fiber Wasser aufgefangen. Nach rwoi Tagen war das Gas bis anf 
omen etwas uber 10 Procent dcs ursprUnglichen Volumens betragendea 
Rucksfcand (Stickstoff) Terechwundcn.” 
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Eighth Report of the Committee on the Treatment and Utilization of 
Sewage , reappointed at Bristol, 1875, and consisting of Richard 
B. Grantham (Chairman), C.E., F.G.S., Professor A. W. Wil¬ 
liamson, F.R.S., Dr. Gilbert, F.fl.S., Professor Corfield, M.A , 
M.D , William Hope, K.C., Y. J. Brimwell, C.E , F.R S>, und 
J. Wolfe Barry, C E. 

Your Committee have during the past year, ending 24tli March, 1870, been 
able to conduct more complete observations at Breton’s Farm, near llomford, 
lind have been also able to test experimentally tho value of last year’s obser¬ 
vations by having analyses made of samples of sewage and effluent water 
kept under \ anous conditions. The expense attending this year’s experi¬ 
ments has been generously borne by a Member of the Association. 

From Table I. it appears that the quantity of sewage received from the 
town was greater than in any year dunng the period over which the Com¬ 
mittee’s observations extend, not excepting tho year 1872-73, when the rain¬ 
fall was largor by 3 inches than this year; it is therefore clear that the quan¬ 
tity of sewage propor receivod from the town bn* increased steadily year by 
year, thus:— 


Year. 

Newige 

JRninfitll 

1870-71 

June ii to July 15. 

(399 d *y 0 * 

tons 

383,916 

inches , 

11 64 

1871-71. 

March 15 to Manh 11 

416 7*7 

11 56 

1871 73- 

March to March 

479 94 * 

19 g. 

> 873-74 

March to March 

not ganged 

not gaug'd 

1874-75. 

March to March 

4 »*.JJS 

1979 

1875-76. 

March to March 

$46,981 

1 

a6 7j 


It should be observed again that, os stated in last year’s Report, it has not 
been possible during tho past two years io gauge the sowage directly in thf 
distributing-trough, and so tho amount is calculated as follows:—the “day” 
sewage from gaugings taken in tho sewers during the working hours of tho 
engine, and the “ night” sewngo from the difference in the contents of the 
tanks at the times of stopping and starting the engines night and morning. 

It is worthy of note that while the weekly average of tho noonday atmo¬ 
spheric temperatures varied from 31° to 79°Fabr., the average temperatures 
of the sewage only varied from 55° to 70° Fahr. 

Table II. is given again after a lapse of two years, during which it was 
impossible for want of funds to have a sufficient number of analyses made. 
1870. 



m 


M5F0M-—1876. 


It appears that during the months of June, July, August, and September 
little or no nitrogen as nitrates or nitrites was found in the effluent water) 
and from this it might hastily be concluded that for some reason or another 
the usual amount of oxidation had not gone on in the soil; but the fact turns 
out to be that oxalic acid had boon added to the samples (both sewage and 
effluent water) of these months with the view of preventing oxidation going 
on in them dunng and after collection, and this prevented the estimation of 
nitrogen in these formB by tho process usod. 

To test this Bomo experiments were made as follows ■—Tho October efflu¬ 
ents, to which no oxalic acid had been added, gave O'49 of nitrogen as nitrates 
or nitrites per 100,000 parts; to 500 cubic centimetres of this effluent 0*6 
grain of oxalic acid was addod, and the mixture allowed to Btand for five 
days} no nitrites could then ho discovered in it. Again, the effluent water col¬ 
lected at Breton’s during June 1876 was examined os follows :—“ Ono portion 
of it was analyzed, taking tho sample from tho full bottle; at the same time 
another portion was poured off into a bottle, filling this bottle quite full, and 
to this portion 18 grams of solid oxalic acid was added and this allowed to 
stand for seven cloar days, then analyzed. It was kept in a cool oellar. The 
18 grains of oxalic acid to the quantity taken is m tho proportion of 2 oz» to 
the carboy of 12 gallons. 


Annljscs. 


Without 
| Oxalic Acid. 

Wnb 

Oxalic Acid. 

Nitrogen ns Ammonia 

o 004 

0 co6 

Nitrogen as Nitrates 

08S9 

0 000 

Nitrogen not Nitrates... 

0137 

0 147 

Chlorine . 

1 

9 ‘ 3 ° 1 

950 


(There ie no doubt that tho process of analysis accounts for the total disap¬ 
pearance of tho nitrates.) ”—Dr Russixl. 

The “ total nitrogen J> in tho effluent waters for those four months is 
therefore represented in tho Table as less than it should bo. Leaving out 
those four months, the “ total nitrogen ” in the effluent waters is, however, 
higher than it was during tho preoedmg year, this being chiefly due to an 
increased amount of “ nitrogen as nitrates,” tho amount of nitrogen “ not 
nitrates ” bemg very low throughout the year except in the month of June. 

Table III. is also given ogam in its original form, except that the effluent 
water has only been gaugtd when it was mixed with the sewage, although in 
collecting the samples for analyses portions were token from aU the effluent- 
water drains; and it is the results of the analyses of these mixed samples that 
are used in calculating tho amount of nitrogen in tho effluent water returned 
to the tanka. 

1 rom this Table it appears that the true average amount of nitrogen in the 
sewage was 6 53 parts por 100,000, and that tho amount of nitrogen calcu¬ 
lated to be applied to the farm in the sewage was 30*2626 tons; of this 
quantity 0*1406 ton was collected in the effluent water repumped over the 
farm. 
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It is remarkable how little the true average composition of the sewage 
differs from the results obtained in previous years; and the Committee con¬ 
sider that this circumstance affords considerable proof of tho accuracy of their 
methods of sampling, the principle of which has always been that tho samples 
shbuld be taken in proportion to the amount of flow at tho time ; thus tho 
amount of nitrogen in parts per 100,000 in tho sowago has boon, according 
to the calculations from the results of tho gaugings and analyses, as follows:— 


1871- 71 

1872- 73 

1873- 74* 

1874- 75. 
1875 76 . 


5 5*9 
5 1 5 1 

not takon. 
5 5 * 

5 53 


With regard to these figures your Committee would observe that the rain¬ 
fall in the year 1872-73 was excessive, and this no doubt accounts for the 
sewage containing a smaller proportion of nitrogen m that year; and that 
with regard to tho year 1874-75, the number given was tho result of a single 
analysis of a mixture made of all tho monthly samples taken in quantities 
proportionate to the amounts of sewage distributed each month. 

The Committee have thought it desirable to mako some observations on the 
changes which occur in sewage and effluent water when kept for some time, 
with the view of ascertaining how far this rosult for 1874-76 is reliable. 

Bottles were filled with portions of the samples of sewage and of effluent 
water collected during November 1875, and put aside in a cool cellar; they 
were analysed in May 1878, and the results of these analyses compared with 
the previous ones of the same samples wore as follows :— 


Description of Sample. 

Chlorine. 

Nitrogen. 

As 

Ammonia. 

As 

Nitrates 

and 

Nitrites. 

Total in 
solution 
and sus¬ 
pension* 

Sewage, Nor. 1875 . 





irt Analysis, Deoember 1875 .. 


3*» 

.... 

55* 

and Analysis, May 1878 ... 

ia *4 

3 95 


J«0 

Effluent water, Nor. 1875. 


| 

i 



1 Analysis, December 1875 ... 

ire 

0*114 | 

0*76 

1*10 

and Analysis, May 1876 ... ... 

iro 

O 002 1 

1 02 ' 

1*09 


0 2 
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This shows that the total amount of nitrogen m the solid matter contained 
in a sample of sewage or of effluent water is uot altered by keeping, provulod 
the bottle bo well filled. It is worthy of note that the nitrogen in the 
effluent water was almost all converted into nitrates*, 1 

In order to ascertain the effect of keeping sewage m unfillod bottles, the 
following experiments were made The remnants of the January sewage 
and effluent water, which had been left in the bottles, were analyzed again 
on July 15th, 1870, and the sewage again on July 31st, and the following 
results obtained — 




Nitrogen. 

Description of Sample 

Chlorine, 

As 

Ammonia 

As 

Nitrates 

and 

Nitrites. 

Total m 
solution 
and fiua* 
pension. 

Sewage, Jen 1876 





let Aiialreis, February 18-6 

14 r 

i 5 S 

. * 

648 

and 4 nah«i', Juh 15th, 1S76 

*39 

1 34 


164 

3rd \nal\M% JuU 31 1876 

1 


1 05 

(__ 

1 5* 

1 

Mltunt urn ter, Jnn 1876 


1 


1 1 

1 , 

1st Analysis, February 1876 

10 0 

0 174 

0*87 j 

1 iS 

and Analysis, July 15th, 18-6 

i ic 0 

i 

( oc °5 

1 1 14 

t it 


It appears, then, that a largo quantity of the nitrogen in the sewage was 
lost between February 1876 and July 16th, 1876, while the nitrogen in the 
effluent water was only slightly diminished in amouut, but was almost all 
oxidi/od to the condition of nitrates. 

It appeared desirable to ascertain how much of the nitrogen in the sewage 
was thus oxidired, and a third analysis was therefore made on July 31st, 
1876, which showed that a still further loss of nitrogen had taken place, so 
that the total nitrogen which was at first 6 48 parts had boon actually re¬ 
duced to only 152 pait per 100*000; and of this 1'52 no less than 1/06 
part was in the form of nitrates. It is probable that much of the nitrogen 
thus lost escaped m the free state. 

Tho total amount of nitrogen received from the town in the, sewage was 
greator than dining any pievious year, and shows conclusively that the in¬ 
creased amount of sewage does not merely depend on the rainnril, which was 
considerable, but that new connexions with tho sowers are being made in 

* The unusually small amount of nitrogen “not nitrate*" in the effluent waters in 
1874-75 was doubtless partly owing to the foot that the samples were not analysed until 
the end of the year. 
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the town from time to time The calculated amounts for the pn*t uus aro 
ni follows 


N 0^ 


t h 


18 I 

2 

7 209# 

1*- 

73 

271 16 

1873 

4 

ft 1 108 1 

1874 

75 

| *8 38 

18 5 

76 

1 3 ° * 5*5 


The figure tor 1 8^4 7 o a of courso obtained 1 y usu g the ro^ultof tho ono 
analysis made that 3 enr lrom these figures wo sco tint tho amounts of 
nitrogen delivered on to tho farm in tl e sewage wero approximately tho same 
during the first two 3 ears of the obscnations anl that the) have increased 
during tho last two 

lable TV gives as usual a detailed account of the crops grown and the 
tacts relating thereto aro summarized in lables V and A 1 

lrom Table V it will be seen that the total produeo ot tho farm was under 
2115 tons or less than last ^ear and less than tho avciago of tho last four 
joars, which was 2232 tons and tho main reason of this is tho considerable 
increase in the acreago of cereals and of pulse grown thus — 



1871 

2 

iS 2 

73 

is 3 

74 

i! 

•875 7® 


neres 

to ft 

a roe 

to ft 

a res 

t ns 

nert's 

to | 

nrros 

tons 

Pulse 

2 33 

2 59 

12 53 

33 ° 

4 97 

4*9 

*7* 

*45 

2304 

46 46 

Cereals 


0 

0 

26 18 | 

86 1 

3881 

*4*5 

3 * >3 

a 63 

*6 79 

7496 


3 >3 

5 59 

38 7 * 

119 1 

143 79 

88 54 

4 ° 9 » 

81 13 

1 49 *3 j 

1 

m 4a 


About Tablo VI the same remark must be made as was made last year, 
viz that the acreage of Italian 130 grass includes tho spring sowings as well 
as the regular crops and this accounts for the small average produce per aert 
of that crop tho threo regular plots of this crop yielded respcctnely 68 , 63, 
and 48 tons per acre 

The mangold crops were also very fino and gave the highest total tonnage 
per acre yet recorded for those roots, viz \ ery nearly 47 tons per aore. 

The nitrogen recovered m tho cro^ s was 20 568 lbs a somewhat larger 

* This i« not tho amount i tih+ed ns given in the Report for 1871 1 111 the amount 
si shown in the Report tor 187a 73 
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amount than last year; Una U equivalent to 80*84 per cent, of that received 
in the sewage. 

The Table shows that 139 lbs. of nitrogen wore recovered per acre over the 
aggregate acreage under crop dining the year, viz. 147*87 acres y it will, 
however, be moro oorrect and of greater practical utility to show the amount 
of nitrogen lecovored iu tho crops per aore of the form under crop, viz. 
108 44 acres, during the past five jears. 

In tho following Table the amount of nitrogen applied to the farm in the 
sewage and that recovered m tho crops is shown for each of the last five 
years; and it appears that tho amount of nitrogen recovered in tho crops 
during tho Avholo period is equal to 32 88 per cent, of tho amount applied m 
the sewage, and that tho amount recovered per acre of tho farm under crop 
averaged 182 lbs. 


Year 

forage 

Tfitrogon, | 

In Sewage. 

Iu Crop. 

Percentage 
recovered 
in Crop* 

Beoovered 
per acre 
of Farm. 


ton* 

lbs. 

lbs 


lbs. 

1871 71 

380,117 

47#°95 

19,667 

4176 

j(i 

1871-7J 

513.810 

<o,4j8 

I Si7°4 

26 00 

MS 

*873-74 

• 

61,914. 

**,766 

3674 

210 

1874-75. 

509.139 

63,410 

20,166 

jrSo 

1*6 1 

1875-76 

556,981 

67.765 

20,558 

1 

1°‘34 

ii, 

... _ 1 

| 

300,631 

98,861 j 

3*"88 

182 


It will bo observed that tho small amount of nitrogen recovered per aero 
during the year 1872-73 was compensated for by the unusually large amount 
recovered in 1873-74, which latter was duo to the fact that certain crops 
taken off tho ground in 1873-74 had derived the greater part of their 
nitrogen from tho sewage of the previous year. 

Tho value of these roaults is much enlarged by the fact that they have been 
obtained by a senes of observations and experiments extending over a period 
of fivo } cars, so that the effect of the inevitable annual variations, of which 
a notable examplo is furnished by the first three years, is got rid of. 


* As the sewage wn not gauged in the year 1S73-74, the amount of nitrogen applied 
is taken a« the mean of that applied in the yean 1(71-73 and 1(74-73. 









Table I.— BrtUm'* Sewage-Fat m. 

Statement of Weekly Quantities of Sewage received ou the Tarm from the 
Town of Komford, from March 25, 1875, to March 24, 1876. 
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1 a x*r i II— BrttoiC* S Uiuiyc tain 

Statement allowing Results of Monthly Analysis of Sewage as pumped and of 
Fffluont Drainage water from March 1873 to March 187^ 

H Its give l pai (s i er 1000UU 


^ewago aa p mix' \ Ml ent dra nage water 


Month 

Am 

moma 

|Chlom e 

Total 
\ trorni 

1 in soli 

1 tion an l 
| suspen 
a 01 

Am 

nionii 

Chlorine 

1 

Nitrogen 

aa 

Is it rule® 
an l 

Nitrites 

Nitrogen 
not as 
Nitrates 

Total 

Nitrogen 

1 *75 

April 

3 9 ° 

i" 30 

502 

0 C05 

1 

11 40 

0 37 

0 23 

0 60 

May 

49 ; 

10 

59s 

O CC 2 

I I CO 

& 4+ 

0 XI 

066 

Ju 1 C* 

53 

11 0 

446 

c 333 

11 4 

1 one 

095 

095 

July* 

So 

12 CO 

8 18 

c j68 

ic 30 

| oej 

0 37 

042 

August* 

66 

12 40 

4 18 

0 1 , 

11 20 

1 no 

041 

041 

September* 

2 69 

11 36 

4 3 * 

0 125 

II CO 

t aoo 

| 014 

0 24 

October 

1 4^7 

0 

VO 

O 

4 47 

0 C15 

10 CO 

049 

0 15 

0 64 

November 

3 33 

1 50 

5 

0.14 

II 00 

0 6 

034 

1 10 

December 

t 30 

9 60 

5 2y 

0 004 

875 

0 76 

0 c6 

0 8 a 

1876 

January 

158 

14 10 

648 

0 21 

1 

10 CO 

0 87 

04 . 

1 aS 

February 

1 

344 

970 

5 93 

1 

0 178 

I 940 1 

1 

107 

\ 

O'® 3 | 

130 

March 

» 

1 

3*4 

ZO 20 

6 29 

0 008 

! 

9 10 

073 

1 

0 09 

1 

0 8 a 


* Oxalic teid had been added to these sampUs 
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Table III — BicUm’t ktwge-Fm m 

Statement showing the Monthly Quantities of Sewage and Effluent Water 
distributed on the I arm, and the Nitrogen contained therein 
from March 26, 1876 to March 24, 1870 





8* wn ge 


Kffl icnt Water 

Date* (incl is re) 

unit h 

N trogen 
per 

100 000 

1 tone 

I 

Total 

Nitrogen 

Q tantity 

Nitrogen 

per 

too 000 
tone 

Total 

Nitrogen 

i*75 

Mar >5 to Mar 31 

tons 

8 500 

tons 
*5 0* 

I tons 
| 4*®7 

tons 

tons 

tons 

April t 

Apr L 30 

39 '47 

Soz 

1 9651 

» 375 

0 60 

0 008s 

May t 

Ms j j 1 

40 946 

59* 

| *44*® 

4 nj 

0 66 

00*71 

June 1 

Jne 30 

39 5'* 

446 

1 7615 

*• 263 

0 95 

00215 

J 1*V t 

Tul y 31 

| 49 51 

8 18 

40509 




Aug 1 

A S 3» 

39 393 

41* 

1 646 6 

4 77* 

041 

0 0196 

feept 1 

s n> 3° 

I 

1 

45*57 

1 

1 

l 431 

1 jS 0 

® *97 

014 

00166 

Oct 1 

0 t 3« 

53 «*’ 

4 47 

1 37 5 




Not 1 

Not 30 

56 594 

5 58 

8131 




Dec 1 

Deo 31 

1 

4* 170 

5*7 

*53*® 




1876 

Jan t to Jan 31 

45 *«J 

648 

*9*®4 

*53® 

1 28 

003*5 

Feb 1 

Feb t 9 

? 1 

46 130 * 

5 93 

* 735$ 

®»5 

130 

00081 

Mar 1 

Met 1 > 4 | 

40*57 1 

6 29 

*5699 

*4* 

0 81 

0*0070 


54® 9®» 

5 53 

3« *5*5 J 

*34*9 


0 1406 


* There being no analysis for March 1876 the April con position has been adopted 

for (hat month 



m 
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Table IV —Breton » 
btatoment showing Crops grown fiom 



Total C 


D 


Total D 


AIL 6 93 Cabbage 

ix xi Kohlrabi 

13 to 18 x 89 Hardy groen plant* 

19 xx 1x6 Sprouting broccoli 

1 zx 6 93 Italian rye gross 


Oot and Nor 1874 
Apr 1 1875 

May 1875 

Apr 1 187J 
Oct 1875 



Sept 1874 
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Sewags-Farm. 

March 25,1875, to March 24, 1870. 


Date when out or 
gathered. 



Produce, 

Bemarks, 

Total. 

Per acre. 


tons, 

4 6 9 4 * 

'1 . .. 

tons. 

47 9 

One eleventh of erop ploughed in. 
Crop remained March 1870. 

fl J. _ J _ _ . A. .. . M 

1 

1 


Aug. 1875 . .. 
Oct. 1875 



Including 10*85 ton* straw 

{ Sown with Earley. One cutting 
only. 

The crop remained March 1876. 


Plot all under Qrau at end of 
year. 


6 05 I 51 Including 3*47 tone straw. 
34 


776 I 39 Plot all fallow at end of year. 


Crop remains. 


Plot under Grata at end of year. 


57'9 Seven cuttings. Plot fellow at and of 
year. 


Wheat remains. ftye-graee sown May 
1876. 


6493 I 170 1 Plot under Wheat at end of year. 


April to Nov. 1875 ...j *50*56 I 48 5 I Seven cutting*. Plot fellow at end of 

it year. 
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REPORT- 1870. 


Tawx IV, 


Plot 

No of beds 
(inclusive) 

Acre\ge 

Crop 

Date nbtfn *ovm or 
planted. 

II 

i to 14 

6 40 

Tl ilj in nc grnm 

June 1874 , . . 

, ..- - — -1 

I 

j to iS 

I <1 

1 

6 C 7 
667 

(tarta 

Turnip# . 

1 

March 1875 , . 

Aug 1875 

i Total I 

l 

1 

ti •« 

. .. 

6 67 

: 

1 

K 

i »» 

1 

1 

P 

M 

*1 

,l £ 3 
4*5 

4 to 8 

6 & 7 

8 „ 9 

10 

11 

I to 11 

1 19 

8x 
* 5 6 

8z 

S 3 

4 ° 

3* 

444 

Walcberen cuuli flow era , 
Spinach 

Cabbage 

Hardy green pimti ,, 
Savoy plant a 

Cabbage & Bru? sprouts 
WaUhorcn cauliflowers 
Wheit , . . 

June 1875. 

March 1875 

Juno and Aug. 1875 
April 1875 . ... 

t> »• • 

i» *• 

n ii 

Feb 1876 

Total K 

. . . 

4 44 

»•» * * 

...» . . 1 

i 

L 

I to to 


Beni a , , . . . 

1 1 1 ■ 1 

l 

Mtiuhi$"5 ' 

__ I 

i 

M • 

n 

u 1 

1 ° 1 

II J 

1 to IX 1 

1 3 

i to 9 

1 13 

1 J to 13 

a 33 

28 

3,7 

Teas . 

Sprouting broccoli plants 
Kohl rahi 

Sprouting broccoli 

Wheat . 

March 1875 . , , 

Vpi ll 1875 . 

Aug and Sept. 1875 

a ;#.:• 

1 Total M j 

1 


‘1 17 




i *7 



i 

' * , 

_ .... I 

1 to 16 

D 

Mangold . 

Apul 1875 

1 

t 0 

1 " 

All 

1 J 

5 ’ 9 a 

59a 

! Carrots , . , 

Peart 

April 1875 .. 

March 1J7 6. 

1 ToUlO 

- _ i 

1 

5 9 » 

- - 

1 - - - . ( 

at 1 * mi 

1 1 

»» 1 

All 

» 

3 5 » 

3 5 ° 

Otts , .. 

Sprouting broccoli 

March 1875 .. . , 

1 Sept. 1875 .' 

Total P { 

i 


3 50 

. .. a 
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(i unttnued). 


1 

Date when out or j 
gathered. 1 

i 

1 

Proc 

Total. 

ucc, 

IVr acre 

1 

Remarks. | 

1 


ton* 

tons 


Apr. 1875 to Mar 1876 

541 48 

53 4 

. . 

Five oultings. Plot fallow at end of 
yenr 

Aug 187s . . 1 

l8 71 

28 

Including 11 5 tons straw. 

March 1876. 1 

l6 06 

24 

. 

34 77 

5 4 

Plot fallow at end of year 

Aug. and Sept 1875 

5 H 

4*4 


June 1875 

2 00 

44 


Sept. 1875 to Feb 1876 
July and Aug 1875 

*4 44 

9 5 


7*19 

8 8 


July 1875 . 

7 57 

9 1 


Not. and Deo. 1875 , 

440 

11 0 


June 1875 . 

t 68 

44 


. 

, .. 


Wheat remains 

. 

54 50 

11 8 

Plot all under Wheat at end of 
year. 

Sept 1875 . 

5 44 

* 9 

Straw 376 tons Included. Plot fallow 
at cud of jear. 

1 

July 1875. 

5 87 

2 0 

| Including 411 tons straw 

1 

Sept. 187$ . 

Nor and Deo. 1875 

80 

1 5 60 

v 9 

6 7 

Feb. 1876 

•40 

1 4 



•• 

••• . 

Wheat remains. 

. 

21 67 

■ 

Plot all under Whoat at end of 

1 year 

Not 1875 

184 90 

446 

| Plot fallow at ond of yonr 

J 

Nor 1875 . ... 

80 So 

136 

1 

1 

.. . 

1 go 80 

1 

13'® 

! Plot in crop at end of ) ear ! 

__i 

Aug 1875 . 

9 8* 

1 *8 

| 

j Including 6 9 tons straw. 1 

March 1876 . 

! 5 54 

i ,6 

1 ... .. 

1 ij 36 

j 44 

1 Plot fallow at end of year 

A _ ____-_. _ 
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Tamm IV 



Acreage 

Crop 

Date when ioim or 
planted 

1 34 

Beam 

Marc! *875 

i 4.0 

Beam 

March 1875 

11 

Oi era < 



11 Rhubarb j Feb 1I73 



Tartans 


0 to 


PtrauuMOt 
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Date when out or 
gathered. 


Sept. 1875. 


Sept. 1875 


Produce. 


Total Per aero 


tona, tons, 
5.8 




Including 176 tone straw. Plot fallow 
at end of year* 


Including 3 76 tone straw. 
Otieri remain. 


Plot nearly all fellow at end of 
year* 


March 1876 .... 0 71 3*1 Rhubarb remain*. 



3 * | Including 5 78 tona atraw. 


1 5 °7 5*9 Plot fallow at end of year. 



Including 8*10 ton* straw. Plot fal¬ 
low at end of year. 


j'j Including 370 tons straw, 
5 7 Plot fallow at end of year. 


5**o tone straw, Plot fallow at ttd 
of year. 


June and Sept. 1875 ... tyto 


Two crops. Grass remains, 


17 


18‘j 
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Tabu V.— Breton's Savage-Farm. 

Season 1876-76.—Summary of Cropping Return. 


Plot, 

Acreage 

Crop#. 

Produce. 


Total 

Per acre. 

I A 

9 8o 

Mangold and cabbage . . 

tons. 
4*9 4 * 

tons 

47 9 

B 

12 12 

Barley and Italian rye-grass .. 

50 31 

4 '* 

C 

1*97 

Oats and cabbage. 

7 76 

39 

D 

* 91 

Cabbage, kohl rabi, hardy greens, sprout- 

109*56 

«s* 

E 

» 5 7 « 

ing broccoli. 

Italian rye-grass ... 

333 7 * 

57*9 

F 

3 8* 

Cabbage, spinach, hardy greens, and cab- 

*4 91 

17 0 

t 

a 

• 5 »7 

buge-plants, 

Italian rye-grass . 

»$0 J« 

l 

48 5 

! H 

*640 

Italian rye-grass 

3414* 

51-4 

I 

667 

Barley and turnips . 

34 77 

t 

$ * 

K 

444 

Cauliflowers, spinach, cabbage, hardy 

52 50 

11 B | 

J 

L 

287 

green plants, bstoj, Brussels sprouts. 

Beans . . .. „ 

54 * 

1 

>9 

M 

3*7 1 

Peas, sprouting broccoli plants, and kohl 
rabi. 

ti <7 

7 * 

N 

4*5 

Mangold ... 

1 

184 90 

44 * ' 

0 

5 * 9 * 

Carrots , . . . 

fo 80 

1 3-6 ! 

P 

3 jo 

Oats and sprouting broccoli 

»5 36 


Q 

* 4 34 

Beans .... 

5 >8 

1*1 

B 

*' 5 * 

Beans and oilers . 

7**3 

St 

S 

011 

Rhubarb . . 

0 * 7 * 

3 * 

V 

1 53 

Oats and sprouting broccoli 

1507 

5*9 

V 

5*93 

Beans . 

11 88 

.*0 

W 

*75 

Peas and sprouting broccoli . 

15 61 

5*7 


386 

Beans . 

7 44 j 

> 9 

! 1 

( 

5 60 

Hay . 

13*80 1 

♦* i 

jrariou* 

0 20 

Osiers . .,, , 

3 70 j 

**S 


101*64 

Total . ... 1 

1 

2114*68 j 

1 

* 9*5 


* 8 m Koto at foot of Table VX 
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Tablf VI — Breton's Sewaqe-l arw 

Summary of Crop^ gathered trora March 25, 1875 , to March 24, 1870, 
showing the quantity of each kind of Produco and Nitrogen contained therein 


Crop 

Total 

acreage 
of eacn | 

Produce ot each crop 

Total Nitrogen estimated 
to be in crops 

descrip 
tion of 
crop 

Total 

Per aero 

Per cent '' 

1 

lotal 

Per acre 

Italian rye grass 

acres | 
#I 9 45 ! 

tone 

94391 

tons 

32 1 

0 54 

lbs 

11,418 

lbs 

388 

Hay 

5 60 | 

23 80 

4 * 

2 OO 

1,066 

190 

Osiers 

0 31 | 

5 60 

17 5 


63 

196 

Oabbflgo 

T4 86 

'49 54 

10 1 

025 

837 

5 * 

Hardy greens 

3 77 

43 *7 

ii 5 

0 2? 

242 

64 

Savoy* 

0 83 

7 57 

9 1 

0 25 

4 * 

5 * 

Bru stela sprouts A cabbage 

0 40 

440 

11 0 

O 25 

*5 

62 

Broocoh 

10 60 

3655 

34 

0 25 

2 °5 

>9 

Spinach 

» *4 

3*5 

2 6 

025 

l8 

>5 

Kohl Rnbi 

1 64 

16 91 

64 

0 375 

142 

54 

Cauliflowers 

1 57 i 

6 91 

44 

°1 5 

39 

*5 

Beans 

17 40 

35 >5 

2 0 

o 5° 

394 

*3 

Peas 

5 64 

f peas 304 
\ Biraw 7 92 

0 5 

1 4 

0 0 

Cl 0 

232 

142 


66 

Carrots 

5 9 * 

80 80 

136 

O 20 

362 

61 

Turnips 

667 

16 06 

2 4 

O 18 

*5 

10 

Mangold 

1 3 95 

*54 3 ' 

46 9 

015 

3,664 

263 

Oats 

Barley 

8 00 

i< 79 

f grain 7 94 

1 straw 16 15 
f gr am 18 54 
\ straw 31 33 

1 0 

2 0 

1 0 

1 7 

O - O w 
VA » Os 0 

0000 

355 

217 

665 

362 


f » 

55 

Rhubarb 

0 ax 

0 71 

3 1 

0 2 

3 

*4 

■■ ....T- *“ 

'47 87 

2114 68 

*4 3 


10558 

139 


* This acreage of Italian rye grass include* not only the 1713 acre* of plota £ 1 , 0 , and 
H (marked * inTable V ), but also the 12 11 acres of plot B, which were sown, according 
to the uio&l practice for the following year > use and from which only one rery light; 
cutting waa taken 


1876 


n 
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Table VII —Breton 8 Scwayt-Farm 
Statement of Land in crop and Land lying fallow on March 24,1870 


Acreage 


I Area in 


Comparison 


acres acres 

5 8o 641 

12 12 12 12 


693 693 

5 76 

3 81 3 8t 


, 07 March 14 1872 

9 >«73 

1874 

1875 

<76 *876 


In irop Fiilow lota) 
acres acres acres 

4049 6339 10388 

8762 1993 10755 

8909 1935 108 

79 40 29 04 108 

4875* 59 &9 108 


444 444 


5 92 5 9* 


5 60 5 60 


* Including (as pointed out in previous 
6 67 Reports) spring sowings amounting tills 
vear to about 17 acres 


10844 48 75 59 69 


ttt 
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Improved Investigations on the Flow of IFater through On fives, with 
Objections to the modes of treatment commonly adopted By Prof 
James Thomson, LL D. f D.Sc 

[A comma moat 10 n ordered by the General Committee to be printed in uifenbo among 

the Reports ] 

The methods usually put ibrwaid tor treating of the flow of water out of 
vessels by orifices in thin plat os, slightly varied thoughtho\ ma} be m different 
cases, aro ordinal ily founded on assumptions largely alike m the^o difforeut 
Cases, and largely erroneous Tho theoretical views so airived at, and very 
generally promulgated, are in reality only utterly false theories based on sup¬ 
positions of the flow of the water taking place in wajs which ale kinoumli- 
oally and dynamically impossible, and are at van,moo with ohseived facts ot 
the flow, and even at \armucowith the lads as put forward by tho advancois 
themselves of those thooiies Tho admittodly oiroucous iemits brought out 
through those fallacious “tlioouis,” and commonly mwcallel "• tli onhatl 
remits” are afterwards considerably amended by the intioduition into the 
formulas so obtained of (oustant or \nimble inefficient^, or otherwise, so as 
to be brought into some tollable agreement with experimental results 
These means of practical amendment, howo\cr, being themselves not estab¬ 
lished on any scientific punciples, cm at best only conduce to the attainment 
of usoful empirical foimulus, but cannot, by their application to tho origi¬ 
nally falso theoiehcttl views, come to develop any true scientific theory. A 
theory may, no doubt, bo regarded as a good scientific theoiy, and as being 
good for practical puiposes, which leaves out ot account some minor features 
or conditions of tho actual tacts In so iar as it loaves any influential 
elomonts out of account, it is imperfect, but it tho conditions which, for 
Bimplioity, or from want ot complete knowledge ot tho subject, or for any 
other reabon, aie loft out be of very slight influence on the practical results 
in question, tho theory may be regarded as a very good one, though not quite 
perfect In the case, however, ot the hydraulic theories now referred to, the 
false principles involved m the reasonings relate to the main and important 
conditions of the flow, and not to any mere minor considerations, the imper¬ 
fections or errors of which might be of but slight importance in the develop¬ 
ment of the main principles involved, and but little influential on tho results 
sought to be attained. 

I will now proceed to give some examples or sketches of tho usual 
methods of treating the subject 

I will first take the case ot water flowing from a state of rest through an 
orifice in a vertical plane face This case is ordinarily treated by r supposing 
the orifice to be divided into an infinite number of infinitely narrow horizontal 
bands of area, and supposing the velocity of the water in each band to bo 
that due, through the action of gravity, to a fall from tho still-wuteu surface- 
level down to that baud, then multiplying that velocity by the area of the 
band, and treating the product as being the volume flowing per unit of time 
aoross that horizontal band or element of the aien , and integrating to find 
the sum of all these volumes of water for all tho bands, and treating this 
sum as being tho “ theoretical ” volume per unit of time flowing across the 
wholo area of tho orifice. This result is commonly called tho “ theoretical 
discharge ” per unit of time ; but, as it is known not to bo the actual dis¬ 
charge, it is then multiplied by a numerical coefficient culled by some “ the 
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coefficient of contraction, and bj others the 4 coefficient of dischauje, m order 
to find the actual discharge per unit ot time 

Urns for the awe of a rutangular orifice m a vortical plane face as in 
fig 1 —where M 1 is the lo’Ne 1 ot tin still-wuUr surface, and ABf 1 ) is the 



t rifice, with two edges \ B and ( 1 ) Kvd aiul F 1 is nn inflmtch narrow 
horizontal band extending across tho onheo it a depth h below the still- 
water surface-level and having dh as its breadth \irtienU) measured, while 
it hus l, the horizon! ll length ot the onfici as its length, and where, as 
shown in the figure tho d< ptbs of the top and bottom of the orifice below 
W L are denoted b) h x and h, rcspectivolj—if q is put to dem te the so-called 
“ theoudiial \ohinio per unit ot time, and Q the actual volume per unit of 
time it is tommonl) stated tl at 

2yh Mh , 

whence 

q — C 4 ^ 2 fh Mh = l ^ 2 q T h dh , 

Jh Jh 

or 

<,=\WT g (h]-ht) 

and then whin c is put to denote tho so-ealhd “coefficient of tontraction” it 
is stated that tho actual quautit\ flowing per unit ot time is 


/l i) 0 ) 

It is then customary to deduce from thiB a formula for tho easo of water 
flowing in a rootnngular notch open above, as in flg 2, by taking h^O, and 
so deriving, for tho open notch, tho formula 

= h ! ( 2 ) 

These examples may suffice for mduating the nature of the method 
eommonly advanced , and it may be understood that the same method with 
the necessary adaptations is usuall) given for finding the flow through circular 
oriflc I, triangular orifices, or onflci a of any varied forms whatevor 

Now this method is pervaded by falao conceptions, and is thoroughly un¬ 
scientific 

F\r*t Throughout tho horizontal extent of each infinitely narrow band 
of tho aiea the motion of the watet has not the same velocity, and has not 
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the same direction at different parts, and the assumption of the velocity 
being the same throughout, together with the assumption tacitly implied of 
the direction of the motion being tlu sxmo throughout, vitiates the roisoning 
very importantly It is thus to be noticed at tho outset that the division of 
the onfico into bands, infinitely narrow m height, but extending horizontally 
acioss tho entne orifice, cannot lead to i satistactory process ot reasoning, and 
that tin elements ot the area to bo scparitoly considoied ought to be inhuitily 
small both in length and m breadth 

beiondltf loi any element of the aiea oi the onheo infinitely sm ill m 
length and breadth it is not the velocity of tho water at it that ought to be 
multiplied by the aiea ot the element to fmd tho volume flowing per unit of 
time across that el ment but it is only that velocity b component which is 
normal to the plane ot the clement that ought to be so multiplied 

Thirdly Whether for any element of the area ot the outlet, we w ish to treat 
of the absolute velocity ot the water there, or tolieatof the component of that 
velocity normal to the plane of the orifice it is a gre it mistake to suppose 
that tho velocity at tho element is that due by giavity to a full from the still 
water surface level ot the pint up statical water down to the element The 
water throughout the aiea of any closed onhee m a plinc suit ice, with the 
exception of that flowing in the elements Bituatcd immediately along the 
boundary of the onhee, has more than atmosphenc prepare and hence it can 
be proved * that it must have less velocity than that du< to the lull from the 
still-water surface-level down to tho element 

The foregoing mi\ be illustrate! by tonsidei ution of the very simple c ise 
of water flowing fiom a vishiI through a ret 1 angular onfico in a vortical 
plane face, two sides of the rectangle being level and tho other tw' > \ertioal, 
and end contractions being prr vented by the mscition of two pai illtl guide 
walls or plane faces, one at each t nd ot the onhee, and both extending some 
distance into the vessel pc rpcndiculaily to the plane ot the orifice so that 
the jet of issuing water ma\ be regarded as if it were a portion ot tho flow 
through au onhoe infinitely long in its horizontal dimensions 

IhUB if the jet shown in section m hg 3 a be of the kind here referred to, 
while W L is tho still wator surface level, the so-called ‘ theoretical velocities ' 
at the various depths m the onfico, which are dealt with as if they woo in 
directions normal to tho plane ot the onhee, can bo, and very commonly arc, 
represented by tho ordinates of a parabola as is shown in fig where B D 
represents in magnitude and direction tho “theoretical velocity’ at the top of 
the oniice, C E tho “ theoretical velocity ’ at the bottom ot the onhee, and 
FG that at the level of any point F in the onfico—these ordinal* s bung each 
made = whoic h is the depth from the stdl wuter surface down to the 

level of tho point in tho onfico to wlnoh the oidmnte belongs Ihcn, under 
the same mode of thought, or same set ot assumptions, tho area of that 
parabola botwoon the uppor and lower ordinates (B1) and t L) will represent 
what is commonly taken as the "theoretical discharge" per unit of time 
through a unit of honzontal length of the onfico But this gives an exces¬ 
sively untrue representation of the aotual conditions of the flow Instead of 
the parabola, some other curve, very different, such as the inner curve 
sketched in the same diagram, fig 3 h, but whose exact form is unknown, 
would, by its ordinates, represent the velocity-components normal to the 
plaue of the onfice for the various levels in the onfice, and its area would 
represent tho real discharge in units of volume pel unit of time through 


* Theorem I further on wdt afford proof of thii 
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a unit oi hon/oiital liugth d the orifice All hough the exact form of this 
t ue curve is unknown jet we maj observo th \t it must have its ordinates 
< ich less than tho ordmato for th< same level m tho parabola 

The truth of this m ly ho perceived through considerations such os tho 
following 1 list it is to he noticed that for tho very top and tho very bottom 
of the or dice, instead of the ordinates B I) and ( E of the parabola, the ordi¬ 
nates of tho true cun< must he each zero htcaUBc, at each of theso two 
places, the direction of the mction is nccessanlj tangential to the plane of the 
orifice*, ind so the velocity component normal to tho plane of the onfice 

* The assertion litre made to the efTWt that the directions of the stream-lines which 
form the ext rnul surface c f tho jot on its leaving the edge of the orifice must, at the edge, 
be tangenti il to the plane <i the orifice when file c nfice is m a piano lace or must in 
general be tingentmi to the marginal narrow band or terminal lip ol fhi internal or wnter- 
tonfinmg face ol the plate or nozzle in whieli the orifko is ft rmed can bt clearly and easily 
proved although etrm gel\ the fait lms been and m Mill very commonly overlooked 
Even MM 1* melot m d J esbros m their delineations of the forms of veins of water 
issuing frim onfhxs m thin plates after elaborate obMivutions and roeasurenunts of those 
forms represent the surface of the issuing fluid as making a Bhnrp angle with the plane 
wotted face in leaving tho edge ( Experiences Hydrauliqucs sur los Lois de lfcoule- 
menl de lEau a Memoir road at the Academy of Sciences in November 1821) and pub¬ 
lished In the Mdraoircs Sciences Mathtfmatiques et Physiques tome m ) Other writers 
i n Hydraulics put forward very commonly representations likewise erroneous Weitbaob, 
for it stance m his valuable works (Ingenicur und Mascbmen Meohamk vol l | 313 flg 
1/7 date 1840 and Lehrbuch der theoretiscben Meohamk 5th ed date 1875 edited by 
Hermann ^ 43d flg 772) has assumed (not casually but with deliberate care, and after 
expemnuiiul measurernei ts nude by Inn nelf) as the best representation which with avail 
i me knowledge of the laws ol confroction of jets of wafer can be gmn for the form of the 



ON THE FLOW OP WATER THROUGH ORIFICES 


217 


must bo zero , and that component, not the velocity itself, is what the 
ordinate of the true curve must represent On the hypothesis of perfect 
fluidity in the water (which throughout the present discussions and mvosti 
gations, is assumed as being a dost enough representation ol the truth to 
form a basis for very good theoretical views) the velocities at top and bottom 
of the onfico will be those duo by gravity to tails from the still water surfaco- 
Icvtl down to the top and bottom of the orifice respectively, beciuse at these 
places the water ibbuos really into contact with the atmosphere, and 
const quently attains atmospheric pressuio Yt all intervening points in the 
plane of the onfico it may readily be seen, or may with great confidence be 
admitted that the pressure will be in excess of the atmospheric pres¬ 
sure because, neglecting for simplicity the slight and, for the present 
purpose, unimportant modification of tho courses of tho stream lines caused by 
the force of gravil) acting direct!) on tho particles composing tho stream¬ 
lines as compared with the courses which the stream lines would take if the 
action of gravity were removed and the water were pressed through the 
onhoc merely b) pressure ipphod as by a piston or otherwise, to the fluid 
in the vessel we m iv sa), tmly enough for the } recent purpose, that an 
excess of pressure at the convex side ot any stream line b required in order 
that tho water in tlu stuam lino can bo made to tike its curved path The 
mode of reasoning on this point suggested here ma) be obvious enough, 
although, for the sake of brevit), it is here not completely expressed It fol¬ 
lows that nt all these intervening points in the piano of tho orifice the absolute 
velocity of tho water will bo less than that duo to a tall from tho still water 
surface down to the level of the point m the onfice , and besides, at all dopths 
in the plane of tho onfico except a single medial one, tho direction of the 
flow will bn oblique, not normal to tho plane of tho onflee Hence, 
further, through these two circumstances jointly or separately as the caso may 
bo, it follows obviously that the ordinates of the true curve will everywhere 
be less than those of tho par lbola 

Fig 4 illustrates in like manner the false theoretical and tho true actual 
conditions of the flow over a level upper edge ot a vertical piano face, which 
may be exemplified b) tho case of a rectangular notch without end contrac 
turns, or of a poition of the flow not extending to either end in a very wide 
rectangulai notch In this case it is to be observed that tho ordinates at 
and near the top of the issuing water in the vertical plane of tho onflee 
must be only slightly less than those of the parabola—beoause, at the very 
top or outsido of tho stream, atmosphenc preesuro is maintained throughout 
the length of any stream line, and so tho velocity will bo very exactly that 
due by gravity to the vertical depth of tho flowing partiole bolow the still- 
water surface level m the vessel and because, also, tho direction of the 


contracting vom of water issuing Jrom a circular onflee in a thm plate a solid of revolu¬ 
tion specified clearly m such a way that ilie water surface 11 leaving the plane of lha plate 
makes an angle of about <>7° with that plane and states to the effect that that water sur¬ 
face is just a continuation of the paths of the stream lines within the vessel which he 
represente at the margin of the orifice as crowing the plane of the onflee with converging 
paths making the angle already mentioned of about ft7° with that plane Tliey ougbtin 
reality to leave the lip tangentially to tho plane and then to make a very rapid turn in a 
short space (or to have a very small radius of curvature) on just leaving the lip of the 
oi lfioe The prevalence of erroi eous representations and notions on this subject was 
adverted to and an amendment was adduoed by myself in a Report to the British Aj*o 
ciation in I8fll on the Gauging of Water by V Notches (Bnt Assoc Rep Manchester 
Meeting 18«1 parti p l r ifl) 
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4 a Fig 4 


4 h 



motion docs not deviate much hom pcipendiculmty to the plane of the 
onfire Tower down m the pi ino ot the orifice the direction of the 
waters motion will approach still more nearly to bung perpendicular to 
that j lane hit thero the piessure will bo considerably m excess of the 
atmospheric prcBsme and so the velocity will bo considerably less than that 
due by gravity to a fall through the vertical distinco from tho still water 
surface-level down t tho stream lino m the plane of the orifice At places 
still further down m the onfice the flow comes to bo obliquely upwards 
and this obli juity is so great as to render the normal component vtry 
much less than the actual velocity while the actual velocity itself is 
less than that due by gravity to the depth of the particle below the still- 
water surface level At this region of tho flow then for both reasons, the 
ordinates of the true curve are less than those of the parabola Lastly, at 
tho verj bottom of the onfice, or immediately over the top of the crest of 
the notch the water issues into contact with tho atmosphere, and so attains 
to atmosphenc pressure, and must therefore have the velocity due by gravity 
to its depth below the still water surface-level Here, howevor, its direction 
of flow is necessarily tangential to the piano face of tho vessel from which 
it is shooting away, and consequently is vertically upwards Hence the 
normal component of its motion is zero and so the ordinate of the truo 
curve at that place is zero in length instead of the normal component 
being greater at the bottom of the orifice than at any higher level, and 
instead of that component being properly represented bj the ordinate there 
of the parabola 

Like explanations to those already given might be offered for other forms 
of orifices (for circular or triangular on flees or V notches, and for onfices 
m general which may be in vertical or horizontal or inohned plane faces, 
or m faces of other superficial forms than the plane), and it might be 
show i that in general tho ordinary modes of treating the subject are very 
faulty 

The examples already discussed may sufHoo to direct attention to the 
faulty character of the ordinarily advanced theories, and to give some sug¬ 
gestions of directions in which reforms are requisite 

I will now piooeed to offer some improved investigations which are appli- 
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cable to many oi the most ordinary and most useful casts in practical 
hydraulics, m reference to the flow of water through orifices in thin plates, 
or from the wetted internal surfaco of vessels terminating abruptly m 
orifices In devising and arranging those investigations I have aimed it 
putting them in such form as that they may bo intelligible and completely 
demonstrative to students even in the turly stages of their progress m 
dynamical studies 

Definition -—The free h i el for any particle of water in a mass of statical 
or of flowing water is tho level of the atmospheric end of a column, or 
of any bar straight or curved, of particles of statical water, having one end 
situated at tho level of tho particle, and having at that end tho same pres¬ 
sure as the particle has, and having the other end consisting ot a level 
surface of water freely exposod to tho atmosphero, or else having other¬ 
wise atmospheric pressure there, or briefly we may say that the free level 
for any particle of water is tho level of tho atmospheric end of it b pressure- 
column , or of an equivalent ideal pressure-column 

Theorem T — In the case of steady flow from appiommate rest of vuatei 
or any lupnd considered as fnctionless and tncompi essible, the velocity of any 
part ale in the stream is equal t > the velocity uhich a body would receive m 
falling freely from rest thtough a veitutd ipace equal to the fall of free level 
whtch t* incut red by the pit tide in the stt am during its flow from rest to its 
e vis tine/ position 

Or, m bnoftr words sufficiently suggestive, it may he said that, m rcspoct 
to water or anj liquid flowing so as to admit of its being regarded as truly 
enough fnctionless and incompressible, In steady flou , the velocity generated 
from itst is that due by qiavity to the fall of fre level 

Or if £ be the fall ot tree-level sustained by any particle in passing from 
a statical region of the mass of water to a point in the region of flow, and 
if v bo the velocity of the particlo when at that point, then 

<'= v /^ r 

In fig 5, let \\ T bf the still-water surfaco level, and let B B B he » 

Fig 5 
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bounding interface separating the region ot flow with important energy of 
motion from tho region whioh may be regarded as statical, or as devoid of 
important energy of motion Let U UU be another interface crossing the 
stream lines at an) place in the region ol flow 

Now taking as the unit ot volume tho cube of the unit of length, taking 
as the unit ot aiea the square of tho unit of length taking the unit of 
density as unit of mass per unit of volume so that the densit) of a body 
will be tho numb* r of units of mass per unit oi v lumi taking os the unit 
of force the force which acting on a unit of mass for a unit of time 
imparts to it a unit of velocity (that is to say, using tho unit of force 
selected according to tho system of Gauss, and which is often called tho 
“ absolute or tho kinetic unit of force *), and taking water pressures 
as being reckoned fiom tho atmospluric pressuro as ?eio, let 

ps* density of the water 
v =3 velocity at L 

h b =a pressure height at B, or the height of a column of statical water 
which would produce the pressure at B 
h =5 pressure-height at U 

pressure in unite of force per unit of area at B 
p = pressure in units of force per unit of area at U 
/ = fall from B to U measured verticil!) , 

5 =fall of free level in tho flow from the region of static il water to U, 
then 

and 

p—yph 

Let a small mass, m 9 of tho water, whose volume (or content volummally 
c nsidered) is denoted by c , be introduced into the stream, its first place 
bung at B just outside of tho initial interfile B B B , and let it flow forward 
in the stroam till it reaches a second place at U where it is just past the inter¬ 
lace U U U In the stroam filament B U L the space between the two inter¬ 
faces at B and U is traversed alike by both front and rear of the small mass 
11 and thoreforo no excess ot energy is gnen or taken by tho mass in conse- 
quenco of the pressure on its front and of that on ite roar for the passage 
of its front from tho interface at B to that at U, and of its rear over the 
same space 

* The amts of force derivable by the method of Gauss from tho vanoua units of 
le gth moss and time m common use though spoken of under general designations such 
as absolute units of forte or hmttic units of force have until lately boon individually 
anonymous and this deficiency notwithstanding the important scientific and practical 
uses which these units were capable of serving l as been a great hindrance and discou¬ 
ragement to their general employment in dynamical investigations and eun to any satis¬ 
factory spread of knowledge of tho r meaning Three >ears ago the British Association 
Committee on Dynamical and hlectncal Units (Bnt Assoc Report 1873 part l p 222) 
taking tho centimetre the gram and the seoond as units of length mass and time, 
named the force so derived the Dyne For the un t of force derived from the foot, 
tho pound and the second the naruo Pounded has been introduced by myself and it 
seer* llikely to come into use At this Meeting of the British Association I have proposed 
tho urinal and the Funal as names for the two units of force dented respectively one 
from the decimetre the kilogram and the second, and the other from tne metre the 
tonne and the seoond (see Proceedings of Section A in the present volume) The 
farailianxatlan of these important units to the minds of students of dynamics will 
in a very important degree aid the acquisition of clear and true views in hydrokinetios 
as also in dynamics gone rally 
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Bat work given to it by pressure from behind, whilo it is passing the 
initial interface at B, is 

= 'jph b c, 

or that work is 

=<7 

since m 

Again, during the emergence of the mass past the interface at U, it gives 
away to the water in front ol it a quuutit) ot work which, in like manner, is 

=p.c 
= t/ph c 
= fjmh 

Also clunng the passage of the particle from its first plaoo at B to its place 
at U it descends a vertical space = /, hence during that passage it receives 
from gravity a quantity of work = gmf. 

On the whole the mass icceives an exceas oi work beyond what it gives, 
and that excess ot work recon ed is 


=gmh b + (jmf-<jmh 


and as ilus is the work tnkui into stoic as kinetic cneigy, wo lmvo to put it 


mv* 

2 


Thut is, 




mu* 

•r* 


or v 

whiob is the result that was to bo proved in Theorem I. 


Theorem II.— On the Flow of Water through Orifices stmllab in fob* 

AND SIMILARLY SITU AT hi) RELATIVELY TO T11K Sl'ILL-W ATEB SURFACE-LEVEL ,—In 
the flowing of water, from the condition of approximate rest, through orifices 
similar in form avid similarly situated relatively to the stdUwater surface- 
level*, the stream-lines in the different flows are similar m form, also the 
velocity of the water at homologous places is proportional to the square root of 
any homologous linear dimension in the different flows • and also (piessures 
being reckoned from the atmospheric pressiu e as zero) the pressure of the water 
on homologous small interfaces in the different flows is proportional to the cube of 
any homologous linear dimension, or, in other wonts, the fluid pressure ( super- 
atmospheric), per unit of area 'at homologous places, is proportional to any 
homologous linear dimension . 

Preparativoly for the demonstration of this theorem, it is convenient to 
establish some dynamic principles, which, for present purposes, may be 
regarded as lemmas or preparatory propositions, and which will he grouped 
here together under the single heading of Proposition A. 

Proposition A. — If there be two or more vessels containing water pent up in 
an approximately statical condition , and if they have similar orifices similarly 
situated rdatively to the free level of the statical water—and if we imagine the 

* Or free level of the still water 
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water to be guided in each case to and omvaid past the orifice by an infinite 
number of infinitely small frictionLss guide-tubes an anged side by side , like 
the cells of a honeycomb, and having their walls or septums * of no thtckness — 
and if, m the dffnent vessels, these guide-tubes be , one set to another , snndar 
inform, though they may be of quite different forms fiom the forms which the 
stream-lines would themselves assume if the flows wire iinymded—<tml if, at 
the homologous terminations of the guide-tube*, Jluul pte**vrcs be anyhow mativ- 
tained pi opoi tional, pt r homologous aieas , to the cube of any homologous linear 
dimension , or, what is the same, if piessmes he maintained proportional, 
per unit of aiea , to the homologous linear dimension,—then the v< locitg of 
the water at homologous places will be propottiomd to the 8<piare root of the 
homologous hneai dimension , and the pressure of the water at homologous 
places on homoloijous aieas will he pioportional to the cube of the homologous 
linear dimension, and the water will press , at homologous jtlaces , oh homo- 
h'tgous areas of the septums , with a foice on one side in crcess of that on the 
other , which will be proportioned to the cube of the homologous linear dimension, 
Norc.—For brevity m what follown, pressures at homologous places on 
homologous areas will be called homologous pnssvrcs, and pressures per unit 
of area lull be culled unital piessmes , and any difference of the thud pres- 
Huros on the opposite sides ot any small portion 01 element of a septum will 
bo called a dffeiential jncsiure 

The demonstration of the proposition will bo aided by first noticing the 
following relation in respect to two small solid masses in motion It two 
similar small solid bodies of mufisoH in and m\ having their homologous linear 
dimensions as 1 to n, are guided to move along similar curves, having likewise 
their homologous linear dimensions as 1 to n (fig 0), and if the velocities of 
the bodies at homologous points in their paths be as 1 to V «, then— 

First Their gravities are as L to a 3 , evidently 

Fecond. Their “ contnfugal forces ”f applied by them in the piano of 
curvaturo and normally to the guide are also as 1 to n 4 . 

Let r and t' lie put to denote the radii of curvature of the paths at homo¬ 
logous places Then centrifugal forces are as 
But 

m's=n\n, 
v'tv, 
rsstnr 

* The Euglish form for the plural of septum, when septum is used iw an English word, 
is here purposely preferred to the Latin icpta 
t The name “centrifugal force'* is here adopted in tho seme in which it 10 commonly 
used I fully agree with the opinion now sometimes strongly urged to the effect that 
this name is not a very happily chosen one, for two reasons —first, beiause the name 
centrifugal would bo better applied to a motion of fl>ing from the centre, than to a force 
acting outwards Hiong the radius, and secondly, because the body roally receive# no out¬ 
ward force, no force m the direction from the centre, but reoeives a centreward force which, 
being unbalanced, acts against the inertia of the body, and diverts the body from the straight 
line cf its instantaneous motion The centreward force actually received by the body, and 
whicJ u the force acting on it normal to its path, may be called the dcviattve force received 
by the body. This is equal and opposite to the outward force called “ centrifugal force, n 
which is not received by the body, but is exerted outwards by it ngainst whatever is 
compelling it to deviate from the straight line of its instantaneous motion The name 
" centrifugal force,” however, although objected to, is in too general use throughout the 
world to allow of its immediate abandonment. 



ON THE FLOW OK WATER THROUGH ORIFICES. 


253 


Hence tho centnfhgul forces arc 

mv J n*m. nv* 

as- - 

r nr 

or as 1 w 1 

This being understood, it icaddy becomes evident that if, instead of small 
solid masses sliding along guides, we have two small homologous masses of 
water m and m, fig 7, flowing m similar sitndor guide-tubes, and if homo- 

Fig b Fur 7 



logous pressures be applied to tho two masses in front and behind, which 
are as 1 to n\ and if at homologous situatioua in their two paths their 
velocities bo as 1 to V», then, in rospeet to all the forces leccived by Hie two 
masses from without, other than those appliod by the guide-tubes, and also 
in respect to the forces required to be received for counteracting their centri¬ 
fugal forces, we see that all these constitute force systems similar in 
arrangement and of amounts as 1 to »\ It therefore follows that the 
forcoB which the masses must receive from their guido-tubos must be similarly 
arranged and of amounts, on homologous small areas, as 1 to a® 

This being settled, wo may now pass to the demonstration of Proposition 
A, at present in question. 

Suppose No 1 and No. 2 in fig. 8 to ropresont two similar vessels with 
similarly guided flows, in all respects as described in tho enunciation of this 
proposition Let W L and W' 1/ be the still-water surface-levels, or the free 
lovels of the still water in tho two cases. Let B C I), B' 0' D' be two similar 
bounding interfaces, each separating the region of flow with important energy 
of motion from the region which may be regarded as statical, or as devoid 
of important enorgy of motion. Let BUEm No. 1 and B' U'E' in No. 2 
be two homologous guide-tubes, and let them for the present be understood as 
terminating at two homologous cross interfaces E and E', which may con¬ 
veniently be understood as being each situated at a moderate distance outside 
of tho orifice—for instance, at somo Ruch place as that which is usually 
spoken of as being the 44 vena coi\t>'acta” or where the water has attained a 
pressure not differing much from that of the atmosphere, or it may in some 
cases oven bo that the atmospheric pressure is there attained , but the exact 
places at which to suppose the homologous terminations E and E' of the two 
guide-tubes as being taken are not at all essential to tho demonstration. 

Let homologous linear dimensions in No. 1 and No. 2 be os 1 to a 

Let tho velocity at any variable point U in tho guide-tube BUE be denoted 
by v . 

Let the piessuro at U, expressed in units of pressure-height, be denoted 
by h ; as shown by tho \ortical line I T T in No 1, where T is the top of the 
pressure-column for the point U. 
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Fig 8 

No 1, No 2 



Let the pres^uro at B, the beginning of the tube, on the initial interface, 
outside of which the water may bo regarded as statical, or as having no 
important energy of motion, bo denoted by h b , or, what comos to tho same 
thing, let tho depth from the stiU-wator surface-level down to the beginning 
of the tube at B be denoted by /i&, as is marked in the figure. It is thus t-o 
be notiood that the fall of free level incurred by a particle in flowing along 
the guide-tube from B to U is tho verticul distance trom the still-water sur- 
faco-lovel, AV L, down to T, tho top of tho presauro-column for tho flowing 
water at U. This fall of free level may bo denoted (in conformity with the 
notation in Theorem I) by C 

Let tho vertical descent from B to U bo denoted by/; so that/is tho fall 
of a particle in passing from B to U. In case of an ascent m any guide- 
tube, from its beginning to any point U m its course, we shall have the fall 
/negative. 

Let tho abatement of pressure-height from B to U bo denoted by Jc t or let 
h b —hma)c t Thus in case of an increase of pressure-height in any guide-tube, 
from ita beginning to any point U in its course, k will be negative. 

For No. 2, let the same letters of reference to tho diagram, and the same 
notation, be usod as for No. 1, with the modification for No. 2 merely of tho 
attachment of an accent to each lotter. 

Now as a part of the data on which the present investigation under Pro¬ 
position A is founded, it is to be assumod that a unitol pressure is somehow 
maintained at E', the end of the guide-tubo m No. 2, n times that which is 
any ^ow maintained at tho corresponding point E in No. 1. Thus, if we 
denote these two pressures expressed as pressure-heights, at E and E' respec¬ 
tively, by h 4 and (A,)', we have (h e )’ «* nh 4 , and hence the fall of free level 
from beginning to end in No. 2 is n times tho fall of free level from beginning 
to end in No 1. 
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Hence putting v t and (t;,)' to denote the velocities at E and E' respectively, 
we hare (by Theorem I., which proves that tho velocities must be proportional 
to the square roots of the falls of free level) 

e, * (vj VI V n, 

or (%)' s=i> t V n . . . . (I) 

Again, from similarity of forms, wo have in respect to areas of cross- 
sections of the two guide-tubes *— 

area at E area at E' 
area at U arou at U' ’ 

or since reciprocals of oquals aro equal.— 

velocity at E velocity at E' 
velocity at U velocity at U' 


or 

V. M 


V V 1 

or by (1) 

v, v, V n 

V v 

or 

t/’=svVn. . . . 

This applies to any or all homologous points in the two regions of flow 


Now by roferring to the figure or otherwise, it will readily be seen that 
or the fall of free levol from B to U, is = A 6 +/—A, while k=*h k —h\ and 
that therefore £a»/-|-A\ Hence, by Theorem I., wo have 

*- v 'w+*) 

In like manner in No. 2 •— 

i/= V%(7+A:'); 

but by (2) v'«W» v 

Hence +fc')®= V n . ^2g(f + l), 

or 


But by similarity of forms /'■*«/. 

Hence, subtracting equals from equals, we ha\e 

Ic'uxnk; ... ... (3) 

but by sumlanty of forms (A,)'~nA 4 . . . (4) 


Also, since the pressure at any point iu a stream-line, or guide-tube, is its 
rnitied pressure minus the relief of pressure, we have 

A*-fc«A 


and 


( 6 ) 
. ( 6 ) 
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From this last b} (4) and (3) *o got 

nh k —nk^h or w(7/,— l)*=h 

whence by (5) h = nA (7) 

From thi* if,wo put I* and P to denote total priasuies on homologous small 
areas at II and l it follows that 


P =nT (8) 

Ihis holds good for any homdogous places in any homologous guide tubes, 
and so it holds for immediately a^acont places in any two contiguous guide 
tubes Hence, m res]>cct to any small element of the septum between two 
adj icenf guided stream filaments in I low ISo 1 considered comparatively 
with a homologous tJtmf nt of a septum m L1 nv Vo 2, tlio homologous dif 
ferential pressures in No l and Vo 2 will be as I to n J 

Thus the demonstration is now completed of all that is included in Pro¬ 
position A and wo are reulv to go forward to the demonstration of lheorom 
II, tor which Proposition V was meant to bo preparative hoi this wc httvo 
to observe that the con lueions arnvod at m Pioposition A h dd good no 
matter what may b tho forms of the guide tubes provided that they be 
similar in both flows and no matter what may be the distribution of 
prcssuies throughout a terminal interface crossing tho assemblage of guide- 
tubea in No 1 provided that the homologous pressures throughout a 
homologous terminal interface in No 2 bo anyhow maintained severally n 8 
times those in No 1 Hence it in Flow Vo 1 tho guide-tubes be formed so 
that the water shall flow nloug exactly tho same paths as if it were left 
unguided, and wero left free to shoot away pust tho interface at E, to a 
distance from the onheo great in proportion to the thickness of the issuing 
stream, without meeting any obstruction—and if the guide-tubes in 2 be 
similar to th m—and if mNo 1 the system of pressures distributed through¬ 
out the terminal interface at E be made exactly the same as if the water 
were flowing freely for a great distance past that terminal interface—and if 
in No 2 tho system of homologous distributed pressures throughout a homo¬ 
logous terminal interface at E bo anyhow maintained severally n s times those 
in No 1,—it follows that the differential pressure on the two sides of any 
element of a septum in Flow No 1 will be zero, as tho guide-tubes have 
there no duty to perform Then, on the homologous septum element in 
No 2, the differential pressure, being n 8 times that in No 1, will be *ero 
also Hence in No 2 the guide-tubes have no duty to perform, and the 
water flows in them exactly as if it were left unguided, but had still through 
out its terminal interface the stated system of distributed pressures somehow 
applied 

Now, for completing the demonstration of Theorem II , nothing remains 
needed except to show that this stated system of distributed pressures 
requisite to be applied throughout the terminal interface at E will very 
exactly be applied on that interface backwards by the water in front of it, 
whioh constitutes, for the timo being, the continuation of tho stream past 
th interface 

For proof of this, conceive any cross interface FF(flg 0) further for¬ 
ward in No 1 than E E is, and conceive a similarly situated cross interface 
F F in No 2 By exactly the same mode of reasoning as before (making 
use of tho like supposed introduction and subsequent removal of guide^tubes), 
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that leasomng being now applied to the two flows commencing at the initial 
interfaces B ( T) and B C 1) and continued to the terminal interfaces 1 F 
and l h , it results that if the jet in No 1 be albwed to flow freely to and 
far past the mterfiee 1 1 the jet in No 2 torminuting at I F can bo 
left to flow ungui lcl with stream lines similar to those in N i 1, awl with 
the simo rilitions of pressures md velocities at its various plaeos to the 
pressuus and velocities in No 1 is hive been alroaly proved for the flow 
terminating at T L provi led th it homologous piessuros timi s fh ^so at 
1 1 be unh w nminbmod at l F Thus then we sec that it adjusted 
or ri ejmsjte } ri hsun systems sueh is ha\o ban already full} explained be 
mamtuned it 1 h m 1 T 1 the two wtr* runs one i xten ling backward 
fiom F r t) 1 I mid the othci fnm t Ho I I will transfer b ickward 
just sueh pressures to Hu eeessm pi it s in rotngrik order in their courses 
as that th \ will (f tlumsehcs appl} at the interferes F h and F F ex¬ 
actly tho alrea 1} Hfoeihod requisite pressure systems Jlius we can depart 


hig q 



as for as wo ploase from tho oriflcos forward along the two streams to the 
places where, for purposes of reasoning, certain deftmto pressures are to be 
supposed to be applied in two homologous cross mtorficee Now it may be 
taken as evident that, by going far enough Away from tho onfleo to the 
terminal cross interface, we can make, for any disturbances or departures 
from the specified pressure relations, tho offsets propagated backwards to 
the water in and near the onflees os small as we please or that, oven if 
we were to apply not exactly the strictly roquisito pressure ay Atoms at those 
terminal places, still tho effects of this departure from perfect exactitude 
would fade away rapidly in either stream as we transfer the place under 
consideration backwards against the current towards the orifice In corro¬ 
boration of this, observation on the flow of water spouting from an orifice 
may bo appealed to as setting this matter beyond doubt, through its showing 
that any changes of pressure introduced in a jet of water at any place far 
1876 s 
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away from the orifice (as, for instance, by the insertion of a rigid obstruction) 
will transmit scarcely the slightest effect back to the region of the onflce ; 
or, in other words, that in a free-flowing jet spouting through the air, the 
effects of obstructions fade away rapidly in the diroction contrary to the 
current, so as to become imperceptible at a very moderate distanco taken 
back fiom the obstacle m the direction against the flow—very modorate 
relatively to the thickness of the ]et 

Even without this appeal to experimental observation, we might almost 
intuitively perceive, or might readily admit, that the introduction of more or 
loss pressure than any stated amount in the stream, at a placo whore it has 
got well clear of the orifice, would bo only very slightly influential on the 
flow as to pressvircs and as to velocities and directions of motion within the 
vessel and near the onfico and contracting voiu A reason for this is, that 
whilo an obstruction in u free jet will require a great change in mode of 
flow of the jet dose in front of it, yet tho jet approaching to that region 
need have its outer fllamentB turned aside only very slightly indeed to allow 
of all parts moving forward without any of their stream-lines, whether me¬ 
dial or at or near the surface, being subjected to almost any increase of 
pressure, and consequently without tho velocities of any of them being almost 
at all retarded. This will readily he clearly understood by reference to 
% 10, where tho water is shown as spouting against a stone without being 


Fig 10 



made to thioken its stream sensibly in consequence of the obstruction, except 
for ft very short distance at G in front of tho stono—that is to say, in the 
back-stream direction from the stone. If we were to suppose that the stone 
would have a tendency to produce, at such a place aB K, any considerable 
increase of pressuro in the internal or oontral stream-filaments of the jet, we 
would have to notice that the external stream-filaments next the atmosphere 
would fail to rosist this augmented pressure ; and, instead, they would, with 
only a very slight change in their own velocities or pressures, yield a little 
outwards, aud so would not exert on the internal filaments the confining 
action that would be requisite for the maintaining of more than an extremely 
slight augmentation of pressure in those internal filaments. • Then it is obvi¬ 
ous that if the pressure is very little augmented, the velocity must be very 
abated ; and so, for this reason, the stream will not tend to thicken 
itself except very slightly, beoause any considerable increase of cross-sectional 
area of the stream would require an important abatement of velocity, which, 
as said before, would require a great increase of pressure in the internal 
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filaments, whilo the oxtemal filaments would fail to exert that nooessary 
confining pressure. These external filaments could, with very little change 
in their own velocities, allow even of a great augmentation of the cross- 
Rectional area of the jot if the internal filaments, b) abated velocity, were 
requiring to become considerably thitkei than before, in virtue of the intro¬ 
duction of the obstiurlion It is onfy the rapid change of direction of motion 
of the pin tides of water m the outer filaments in the neighbourhood of (I, 
clfMO to tho obstruction, that enables them, by what may be called tbeir 
centrifugal force, to maintain a greatly increased internal pressure very close 
to tho obstruction, and ho io allow of the water in the internal stream-fila¬ 
ments abating its velocity, and of those filaments thomBelves swelling in their 
transverse dimensions 

These considerations complete all that is necessary for tho demonstration 
of Theorem IT., and d may now be regarded ns proved 

Fokuui v ion thk Flow or AYvter in tttf V-notcit 

From tho foregoing principle we can find intuitively the formula for the 
quantify of water which will flow thiougli a V-notdi in a vertical plane sur¬ 
face, as in fig 11 Wo can sec it at once b) considonng any stream-filament 


Fig 11. 



in tho flow in ono notch, and tho homologous stream-filament m the simila 
flow in another notch similarly formed, but having its vertex at a different 
depth below the still-water surface-level. Let the ratio of tho depth of the 
vertex of tho one notch below the still-wator Burfaoe-level to tho depth of 
the vertex of the other bo os 1 to n, so that all homologous linear dimensions 
m the two flows will be likewise as 1 to n Then, m passing from any cross 
section of one of tho two homologous filaments to the homologous cross section 
of the other, we have the oross-sectional area oc n 1 , and tho velocity of flow 
« Vn; and the volumo of water flowing per unit of time, being as the cross- 
sectional area and the velocity conjointly, will vary aB wo pass from the one 
to the other of the pair of homologous filaments, so as to be oc nVi. Then, 
as this holds for every pair of homologous stream-filaments throughout the 
two flows, if we put Q to denote the quantity, reckoned volummally, flowing 
per unit of time m each of tho two entire flows, we bavo 


Qx nl. 


Now, os well as considering two separate notches with different streams 
flowing in them at the same tame, we may, when it suits our purpose, con¬ 
sider one single notch with streams of different depths flowing at different 
times , and if in various oasep, either of the same V-notch or of different but 

n 2 
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Birmlar V-notehcs, we denote the height oi tho wiill-'watcr surfucc-level above 
tho level of the vertex ol the notch bj h, wo have 

(}=</* \ (9) 

where c 13 a constant cocffhumt, ninth cannot bo dolt mined by theory, but 
can be very witistuetmity delennincd by experiment (or anj desired ratio of 
horizontal width to vortical depth to he adopt id loi tho iorni of tho notch. 
Experiments determining the values of < tor teihun tomis and arrungoincnts 
of V-notches, suited tor p)actual pouwmem c and uttlity , have already been 
made by myself, and have been lepoited on to the Ihitish \smh latum, and 
tho Hop oris on them are pnnt< d in the Biitish Vssouation volume for Leeds 
Mooting, 1858, and in tli.it toi Maudios!ei Meeting, 1861 


INVESTIGATION Ol A FoKJUl IV lOJt TUJ Fl,OW Oi WaTFR IV A 111 CIANGUTAH 
Notch vvmi Li ml Cui^r in a Vtktkal Pjani Fa^u 

It ih to he premised that the long-known and generally used fonnulafl for 
tho How of water in led angular notches, brought out by tho No-ralled 
f< theories M which 1 have dissented trom m the enihei part of tho present 
paper, huvo been m runty ol the form 

Q=cyh/iS, 

where ft denotes tho volume per unit of turns 

Ij denotes tho horizontal length of tho notch, 

h the veil leal height from the crest of tho notch to tho still-water 
sui flic e-lev el, and 
g the coefficient for gravity, 

and whore c lias either boon taken as a constant numerical coefficient for 
want of accurate experiments to determine its values for different vftluos of 
L and h, or has boon treated os a variable Poncelet ami Lcsbros havo 
taken this latter course, nnd have deduced b) experiments extensive tables 
of its values for different depths of water in notchos of the width on which 
they experimented—a width, namely, of 20 centimetres* As, however, the 
coefficient tor terrestrial gravity varies but little for different parts of the 
world, it has most frequently been left out of account, a single coefficient c' 
being used instead of <g \ so that if, for instance, when the foot and second 
aro usod as units of length and time, we take 32 2 as a correct enough state- 
niont of tho value of g for any part of tho world, we havo r'=s32'2e. 

A new formula, involving an important improvement m its form und 
adjusted so as to ho in duo accordance with numerous elaborate experiments, 
was developed within or about the time from 1846 to 1855, in America, by 
Mr. Boy den and Mr. Francis, both of Massachusetts It is 

Q=3 33(L-^mA);A 

where Q is tho quantity of wator m oubic foot per second, 

L is the length of tho notch in foot, 

h is the height from the level of tho crest to the still-water surface- 
level in feet, and 

n is the number of end contractions, and must be either 0, 1, or 2. 

* M<5raoires de V Academic ties Sciences Sciences Muthlnnatiques et Physiques, toms iu 
1829 
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Tina formula was offered hv Mr. .Tamos 11 Francis, in his work enlitlod 
“ Low oil Hydraulic Experiments,” and published at Boston in 1855, not as 
ono founded on any complete theoietical views, but as one deponding on 
several assumptions piolmbly not jiorfectly correct, and )ot as one which, 
through numerous tuals and by adjustments intioduced tentatively in fitting 
it to experiment il residU, bod been biought out so as to agree vciy closoly 
with ex penmcuts 

In § 120, at pige 72 of his work, Mi Fiaric is sa}s -—“ No coiroct formula 
“for the discharge of water over vw’irs, founded upon natural laws, and in¬ 
cluding the secondaiy effects of these bins, being known, wo must rely 
“■entirety upon experiments, taking due cate in the nppheaf ion of any formula 
“ deduced trom thcnco not to depart too far from the limits of the experiments 
“on winch it is founded ” And in 124, !2t, at page* 71, in respect to the 
conception of the foimuln, ho finthcr give's the following verj clear expla¬ 
nations —* The contraction which takes place at the ends ot a welt dnni- 
“ nishcs the discharge When the wen is ot considerable length in proportion 
“to the depth of the vv.itoi flowing ovoi, this diminution is evidently a eon- 
“ slant quantity , whatever inaj he the length, piovided the depth is the s.imo , 
“ we may, theiefoie, assume that the end conltuc lion effectivcdy diminishes tho 
“length of t>ucli wens, by a quantify depending only upon the depth upon 
“the weir It is evident that the imount ot line diminution must mcieaso 
“ with the depth , we are un ible, howover, in tlio picsent state ot science, to 
“ discover the law of its vfiliation , but experiment has proved that it is very 
“ noaily m direct propoition to tho depth As it is of groat importance, in 
“ practical applications, to have tho formula as simple as possible, it is assumed 
“in this vvotk [ Mr Francis’s hook] that tho quantity to bo subtracted from 
“ the absolute length of a weir having complete contraction, to give its eftcctivo 
“length, is directly pioportiomil to the depth It is also assumed that the 
“quantity discharged by weirs of equal effectivo longths vuries according to a 
“ constant power of tlio depth There is no reason to think that cither of 
“ these assumptions is perfectly concct, it will be scon, however, that they 
“ lead to results agreeing very closely with experiment 

“Tho foimula proposed tor weirs ot considerable length in pioportion to 
“tho depth upon them, and having complete contraction, m 

“ U=C( L -hnh)h if y 

“ in whuh Q=tho quantity dischaiged m cubic feet por second , 

“ (J = a constant c ocfltciont, 

“ L = tbe total length of the weir in tcet, 

“ 6 = a constant coefficient, 

“ 7 i = the number of end contractions In a single weir having com¬ 
plete cent?notion, n always equals 2 , and when the length 
ot the wen is eqhal to tho width of the canal leading to it, 
n= 0 , 

“h = tho depth of water flowing over the weir takon far enough 
upstream tiom tho wxur to be unaffected by tho curvaturo 
in tho surface caused by the discharge, 

« a=a constant power ’* 

Tins formula, Mr. Francis states, was first suggested to him by Mr. Boyden 
in 1840 

The important novol foatuio in this formula consists in the subtraction 
which it makes, from the length L ot the notch, of a length for each end 
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contraction directly proportional to the height of the still-water snrface-lovcl 
above the crest in order to find what may bo treated in the formula as the 
effieitiv? length 

The formula in its general form here last noted expressed onlym symbols* 
ns also in its subsequent!) developed form hero previously stuted with 
numerical coefficients arrived at by tentative application of numerous expo- 
nments, is thus to be regarded as an ingeniousl> ananged and valuable 
empirical formula, but not as one founded on tiny tiustworthy hydrokinetio 
theory. It is founded paitly on the old ordinary false “ theoretical ” views, 
and parti) on good conjectural assumptions, and is adjusted and approxi¬ 
mately verified b) elaborate experiments conducted on a soale unusually 
large, and with unusually good means tor attainment of exact results. 
Mr. Francis, it is to be noticed, explains that, m tho formula as finally 
brought out, tho index for tho pov\er of tho height ot tho water is tuken as 
an exact traction, jj, in preference to some unaseeitamed fractional expression, 
different in no great degree from 4- merely for the attainment of futility m 
calculations m the piactical applications of the formula, and not for any 
thcoictic reason. Also it is to bo noticed, in icspect lo tho value which 
ho assigned for the symbol />, that the symbol itself was first assumed us a 
Constant lathci than some unknown vanabl dependent on /*, and was after¬ 
wards fixoi at the particular vulue ^ for tho Mike, m both cutes, of attaining 
a convenient degree of simplicity which h) trials was iound to he attumable, 
consistently with good accordance between the repiesentitions afforded 1)) 
the toimula and the results shown bv e\penmcnts lie supjwsed, hoivevor, 
that “ mauv other values of a and b (piohahly an unlimited number) might 
€f be found that would accord somewhat nearer with tho experiments*'*. 

Many years ago, after my having become acquainted with tho empirical 
formula thus made out by Mr Hoyden and Mr Francis, it occurred to me as 
desirablo to attempt to investigate by hydrokmetic principles, without special 
experiments, a true formula for the flow of water in recluugulur notches m 
vortical thin plates, or vertical plane fates, on flic hypothesis of the wator 
being a perfect or frichonlcss fluid, and by using m tho formula symbols 
for constant coefficients, which, after tho finding of tho formula, might be 
determined by a small number of accutate experiments, and might further 
bo tested as to their tiustworthiness, or might bo amended so as to become 
more exact, by a largo number of varied experiments. It will bo interesting 
to notice that tho formula winch bad previously been armed at in America 
by Mi Boy don and Mr Francis in tho way already described is in perfect 
agreement with tho formula which, by my own investigation, is brought out 
by strict scientific principles as a highly exact formula for water considered 
as a perfect fluid, and as being a very satisfactory representation oi the truth 
for real water. 

It is to be noticod at the outset that obviously a notch may bo made ho 
long relatively to the depth of its crosfc from tho Btill-watcr surface-level, 
that, for any additional length, tho increase of tho flow will be proportional 
to the additional length. Let tnh, in which m is a constant multiplier, bo 
such a length as that, for additional length, tho additional flow will be pro¬ 
portional to tho addition made to the length In fig. 12 lot A B be the crest 
of notch, and let CII be the level of tho still-water surface of tho pent-up 
waUi Lot A E and B F bo each equal to %mh y so that* over tho part E F 

* Lowell Hydraulic Experiment*, ft 156, p 116, ft 153, p 116, and the pasmge quoted 
shore from ft 123, pw 74 
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of the crest thoro will flow a quantity of water exactly proportional to the 
length of * F if the width of the notch be varied while the depth h of the 
water remains unchanged Let the length h I be denoted by l then 

l = L —mli 

Now out of the ontiro flow conceive the middle portion whioh flows over 
F F and m ly be regarded as bounded laterally by two vortical planes per 
pindicultr to the plane cf the onftce one passing through > R and the other 
through FS to be tiktn awu) and suppose the two remaining parts which 
flow ovu A.F and BT with the necessary lateril pirts of the notch plate 
to be brought together as shown in fig 1 \ so as to form one notch having 

Fig 12 



fnh for its width and h for the height from crest to still water level and in 
whioh, therefore, the width of th notch shall boar a constant iati> to the 
height of the water when the height vanes, tho width being ulvays n times 
the height 

TheD by exactly the sumo mode of procedure as that already used for 
finding a formula to show how tho quantity of water flowiug m a V notch 
vanes with the depth of the vertex or with any other lineur dimension of the 
flowing stream, wo can readily boo that if we put Q to donoto the volume of 
water flowing per unit of time in the case represented m fig 13 we shall 
haio 

Q^ahWh ( 10 ) 


where a is a constant coefficient 

Next to find an expiession for the quantity (volummally reokoned) flowing 
over the middle pait h 1 of the crest we may consider first, of that middle 
part a portion G K taken always of a length beanng a constant ratio to h , 
and for simplicity wo may take it of length equal to h* Now m this stream, 

# Or to meet the case in wluoli there might not be between E and 1* a length eo great 
»• A we might as well oonaider in another notch having great width and having a height 
of flow equal to A a portion of the flow not near either lateral extremity f the uotch and 
oocupjing a length of the treat ©q ini to A 
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Binco tho width has in geneial a constant intio to the depth, or, in the cast 
more particularly considered, since the width is equal to tho depth, tho 
quantity flowing per unit at time will, as in the preceding ease, ho propor¬ 
tional to the £ power ol the depth, 01 we ha\o 

Flow o\er (} K = /)/<V h y where /? is constant 

Hence it </. be the flow, m units of volume per unit of time, over a unit of 
length in K F, we lun o 

7 filial 


Jty multiplying this by l we git the quantity flowing oiei the entire middle 
part EF [K?r unit of time, und m>, denoting that quantity by ft", wo ha\e 


or 


ft =/J/7iV/q ^ 

Q''s=/J(L — mh)h *J h ) 


(li) 


\ddmg the expressions for ft' and ft" together, we get for the total flow m 
tho whole nokh, which we may denote by ft, 


or 


ft= fl( L — mh)h V h + ah* V ft, 
a)h V/<, 

VO* 


u 




iiut ^ A is a constant, and let it bo denoted by 2h , and instead of the 
constant we may, in order now to use English letters, put a Then 

. . . (12) 


which is tho desired formula for the flow of water in a rectangular notch 
with two end contractions 

This ioramla admits of easy modification to give a formula suitable for a 
notch with only one end coutraition*, thus — 

Let the width of the nutch with only one end contraction be denoted by L 
(as in fig. 14) Then coueeno a notch twice as w ide with two end contractions 
as shown in fig. 15 The flow in this double space will, by tho formula last 
obtained (12), bo seen to be = u(2L — 2hhjh* , und so if we put now ft to 
denote the flow'm tho notch under consideration (shown m fig 14), which 
will bo halt the flow in fig 15, wo have toi the notch with only one end 
contraction 

(1=«(L—, , (13) 


* It is to bo understood that contraction may be prevented at cither end of a notch by 
there being ft vortical plane Mdo face for tho iTuwnu.1 ot approach to the notch, that side 
fao* being perpendicular to tho piano of the notch, and extending up-atrefim from the 
notqb so as to reach bejond the region of incipient rapid flow to the notch, and extending 
for little way down-stream )>a»t the notch, so ue to afford the noewisary guidance to tho 
issuing ntroam-fllamenU In like manner, by two parallel vertical wdo walls or mdo faces 
to the channel, when the erttd of the notch extends quite m row from tho one wall-face to 
the othfr, contraction may be prevented at both ends 
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Also hom (11) b> changing as dom hclcne the kttu /3 into the Inghsh 
letter a wo see tli it for a notch with no one! cjnti uti>n (t ntrntnns bung 
prevented ut both ends by \ertud guiding side fi es pupenelieulfti to the 
pi me ot thi notch) we would h m 

U— a\h' ( 14 ) 

Now tin thioc 1 nmulas (1 2) (11) and (14) may be combined so ay to bo 
expressed together, thus — 

Q=(f( L — nhh)h % (15) 

where n is the number ot end eontr ich >ns ind must bo either 2, L, or 0 
To determine the constants a and / all that would bo necessary would bo 
to haw two very uceuiutc oxpt umuits on the fl >w ot water in one notch at 
different depths or m two notches of the same kind with tho ratio ot the 
width to the d( pth not tin sunt in but h Uion putting into tho tormula 
the measured values ot I h and Q for tho ono experiment, and then again 
those for the othn, we would have two equations with two unknown sym¬ 
bols, atul so we could hud (ho numerical yiIihh tf thoso symbols It would, 
of course be dtsirihlc f >r experimental writicalion of the theory on winch 
the loimuli is lounded as also ibi mutual \uiin it ion or leding of tho expe- 
nmentil results themselves, to ha\c uumuous expenmuits on the How for 
various depths in \anuiis notches ot different widths, so as to And whether 
the formula would fit satisfactorily to them all, or to all of them that, after 
Comparison, would bo found tiustwoitk) provided that tht width of the 
notch be not too small in proporti >n to the elopth of the flow, or that in all 
eases the width be suffieient to allow ot there bung at hast some small part 
in the middle where the lute ot flow pel unit ot time would be piopoitional 
to the length ot the put ot the trest to which that flow would belong 

Mr L ram ms expeiiments and Iun reductions of the usultH carried out in 
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his own way give the formula complete, with its numoncul coefficients, qs 
follows *:— 


Q=3 X^h-n^hyi*, 

where Q=tho discharge in cubic fcot per second, 

Lsacthe length of the notch in toot, 

?j = thc number of end contractions , 

/t = the height from the crest to the still-water surfuco-Ievel m feet 

Mr. Francis also states that this formula is not applicable to cases in which 
the height h from the crest to the still-water Burfaoe-level exoeeda one third 
of the length, nor to very small depths In the experiments from which it 
was determined the depths \aned from 7 inohes to 19 inches , and he remarks 
that thero seems no reason whj it should not be applied with safety to any 
depths between 6 inches and 24 inches. 


Report of the Anthropometric Committee , consisting of Dr. Beddoe, 
Lord Abkkdare, Dr Farr, Mr Francis Galton, Sir Henry 
Rawlinson, Colonel Lane Fox, Sir Rawson Rawson, Mr. James 
Reywood, Dr. Mouat, Professor Rolleston, Mr. Hallett, Mr 
Fellows, and Professor Leone Levi 

The Anthropometric Committeo have been engaged during the past year 
in preparatory work They have socured the cooperation of gentlemen hold¬ 
ing positions under Government as inspectors of tho army, of the navy, of 
factories, and of pauper schools. They have prepared schedules and instruc¬ 
tions, and liavo had them printed . and they have purchased a small outfit of 
instruments to send to places where measurements are to bo made in largo 
numbers. 

Under these cu cumstances they are unable to make a report of anthropo¬ 
metric rosults, neither have they been culled upon to expend more than a 
small portion of tho grant of £100 that was made to them in 1876, the 
larger part of which will be required to pay for the reduction of obseirations. 
Consequently they ask that the Anthropometric Committee may be reap¬ 
pointed, with modifications, and that the grant may be earned forward to the 
year 1876. 


Lowell Hyd Exp } 164, page 133 
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On Cyclone and Rainfall Penodictties in connexion with the Sun-spot 
Periodicity . By Ch\rles Mkldrum. 

I Print**! in oxfenso by tho authority of the Council ] 

In continuation of the paper on this subjoct published in tho Report for 1874 
(pp 218-240), I beg to submit the following brief discussion of the c*) clones 
of the Indian Oceun, between tho equator and 84° N , in the years 1808-75, 
and of the rainfall in different places from 1854 to 1872 


Cyclones . 

The number of cyclones in each year, the positions of their centres at noon 
on each day, then extent, duration, &c have been approximately determined 
in the wft} ahead) described, and tho result* aie given m Table 1 

Fiom that and the similar Table given in 1874 we obtain tho following 
general results for the twenty jeais 1850-75 *— 


Years 

Number 

of 

cyclones 

Total 

distance 

tra¬ 

versed 

Sum 

of 

radii 

Sum of 
areas 

Dura¬ 

tion 

in 

da)8 

Sum of 
total areas. 

Kelu- 

tive 

area* 

Wolf'. 

relative 

sun-spot 

numbers 

1056 

0 

miles 

850 

miles 

815 

sq mile* 

3 56,468 5 

20 

sq miles 
1,221,931 0 

100 

42 

1857 

5 

18. >0 

740 

354,820 0 

19 

1,270,130 0 

104 

210 

1858 

12 

3880 

urn 

775,215 8 

39 

2,890,781 7 

2 37 

509 

1859 

14 

5640 

22026 

1,107,440 4 

48 

4,809,189 9 

394 

964 

1800 

13 

8064 

3131 

2,020,9299 

01 

19,616,780 7 

11 14 

986 

1881 

12 

8730 

••2861 

2,349,552 1 

72 

14,9:17,690 7 

12 23 

77 4 

1862 

14 

6140 

2968 

2,406,879 l 

57 

11,370,279 7 

953 

59 4 

1803 

9 

0320 

2137 

1,590,165 7 

59 

7,660,447 3 

6 18 

444 

1864 ; 

7 

4920 

1 1341 

870,028 5 

36 

4,893,009 5 

4*00 

40-9 

1805 

8 

3970 

1420 

904,150 4 

28 

3,390,409 1 

2 78 

305 

1866 

8 

3130 ' 

960 

509,961 2 

44 

2,702,221 2 

2 26 

16 3 

1807 

0 

2280 

881 

415,196-9 

27 

1,914,820 5 

157 

73 

1808 

9 

4100 

12*29 

589,725 5 

34 

2,612,102 3 

214 

37 3 

1869 

10 

4390 

1600 

834,409 0 

36 

3,019,078 0 

2 47 

73 9 

1870 

in 

4610 

1832 

739,734 1 

02 

3,830,051 8 

3 13 

1391 

1871 

13 

4710 

1885 

908,943 5 

40 

3,828,695 6 

313 

1)1 2 

1872 

1*2 

7020 

1830 

954,732 2 

48 

5,036,927 0 

4 12 

1017 

i87a 

It 

5196 

1510 

714,8712 

46 

3,781,022*7 

3*09 


1874. 

1*2 

4685 

1510 

670,386-6 

40 

3,447,906 0 

282 


1876 

8 

1770 

940 

396,469 8 

30 

1,700,861 8 

L 39 



It will be seen that, on tho wholo, tho numbor of cyclones increased from 
1857 to 1862, decreased from 1862 to 1807, then increased to 1870, and 
again decreased to 1875. 

The distances traversed had nearly a similar progression, increasing from 
1856 to 1881, decreasing from 1801 to 1867, then increasing to 1872, and 
again decreasing to 1875, 

The areas have been determined by finding as nearly as possible the radii 
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of tho space* (con Bide rod more or Iobs cirtulur) o\cr which the wind blew 
with the force of a ' strong gile y Ihc) thcrefoic are not tho entiro auaa 
But, apart from this, owing to incomplete information, tin rulu ait not known 
for each da) and hence tho ircus uc only rough uppi vtumitions Ihcrc is 
no doubt howtvtr that the) uuuusul fiom 01 ]>'57 t) l M>o, decrease d 
from 1S00 to 1N>7 mcnasid fi m 1st 7 to 1872 and th< n decreased to 
1876 

(In the whole time was n similn progicssion in tho duration of tho 
Qtloues, the smillest number of d us lung in 1N50 IS>7, 1M»7, and !S7 r > 
and tho greatest in tSbl aud 1 s70 

I ho total arc is * e tin products of the mean ire i of uuh ()iJone b) tho 
mimhir of dajs it lasted inm \s< d (rom 1850 ti 1^01 di i< wed from lst>] 
to 1807, im.it astd tr<m 1807 to is72 and thui dec leased t> J S7"> 

It is to be run uked lowovti that tin tetiluuasf r the )«ais WO 02 
wue much grt iter than thosi tor the )cuth IbTO 7- lins ina) boowing 
paid) to tlu rain f r tlu litti r v<ars having then umle r< timitid On tho 
othtr hand tlu numb i tf c\ilono-dii)s in tho >eais 1870 72 was somtwhit 
gieatir than m the in h r >) 01 


Rainjal! 

V sufficient numbci ot rnmlall icturns for tho )uus 1S7 1 7“> have not )ct 
been obtained but tlic annual me in i unfills at stunt) tvtn stations fiom 
ls54to ISO) md at seuutv two stations trim 1804 to 1^72 no given in 
lublo II, m whith till the luuilall ibwiivations it m) disposal have beta 
used,except a few Prussian and Mauntius ones which would not have iffected 
the general r< suits 

Ihc 1 able shows that, with haull) an exciption the sun spots md nun 
tall were both above or both bt Uw then robpective avenges m the sunn 
yeurs 

By taking tho longer pc nod 181 1 72, and expressing tho amounts of l mi 
fall and sun spots m percentages, we get the following results — 
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The comparisons are between the rainfalls at the same stations. 

The quantities m the column 0 are derived from those m the column of Mrans by taking, for example, the mean of the falls in 1854 and 185(1 
and the mean of that mean and of the fall in 1855, and so on. 
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First Report of the Committee , consisting of Dr. Joulf, Prof. Sir W. 
Thomson, Prof Tait, Prof. Balfour Stewart, and Prof Maxwell, 
appointed for the purpose of determining the Mechanical Equivalent 
of Heat 

We are able to report that progress has been mado with tho experiments 
unrleitaken by Dr. Joulo on behalf of the Committee. Eriction of water is 
the method he has employed, and tho average result of upwards of sixty 
experiments is 77J 1 in British gravitation units at Manchester, the greatest 
deviation from tho above average being 

Experiments* have yet- to bo made on tho eapanty for heat of tho brass 
of which the calorimeter is constructed, winch has provisionally been calcu¬ 
lated from the results of Jlcgnault for this alloy The greatest possible error 
which mu) have aiisen in this way is believed to bo -j J 0 . Dr Joule also 
proposes to compare his mercurial thermometers with tlio air-thormoraotcr, 
with a view to obtain accurate boiling-points, and thus correct values of the 
thermomotne scale Tho greatest correction which it may bo found nocdful 
to apply on this account amounts to about These maximum corrections, 

if taken m tho same direction, would necessitate the addition of 4 5 to the 
equivalent above named 

The experiments made b) Him on tho friction of water havo led him to 
the number 786. But tho average of his results, derived from the fnction, 
bonng, and crushing of metals, gives 774. 

Assuming that the above experiments and those made by Dr. Joule for the 
Committee on Standards of Electncal Resistance aro to be relied on, the unit 
issued by it would appear to havo a resistance too small bv A. 

The Committee aro happy m being able to state that Professor Maxwell 
lias been working somo time with a view to the redetermmation of this unit, 
and that he has also undertaken fresh diroct experiments for determining the 
dynamical equivalent of tho thermal unit 


Report of the Committee appointed for the purpose of promoting 
the extension , improvement , and harmonic analysis of Tidal Obsei - 
vations . Consisting of Sir William Thomson, LL D.,F R S, Prof. 
J. C. Adams, F.R S , J. Oldham, William Parkes, M lnst.G\E t> 
and Admiral Richards, R.N , F.R.S. Draw up by Sir William 
Thomson. 

Since the publication m 1873 of tho Committee's Report for 1872, a large 
amount of work has been gone through in the wa) of harmonic analysis, ex¬ 
hausting tho funds at tho disposal of tho Committee for this purpose, but none 
of the results havo hitherto boon published. They are now offered for publi¬ 
cation in this final Report of tho Committee, and along with them, by permission 

* [These experiments, up to the present date, show a smaller capacity than that antici¬ 
pated, bringing up the equivalent to 774 1, which will be subject to a small correction, 
possibly amounting to on account of the thermomet no scale error — Note t November 
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of the Council of the Royal Society, some further results obtained by aid of 
grants of £100 and £50 made by it to Bir W. Thomson out of tho Govern¬ 
ment-Grant Fund foi scientific investigation. The work has been all done, as 
heretofore, for the Committee, under the superintendence of Sn W. Thomson, 
by Mr Roberts and assistant calculators woiking under his immediate direction, 
according to the plans described in the Reports foi 1 SOS and 1809 and sum¬ 
marized m the Report for 1872 The work done for the Committeo consists 
of the full harmonic reduction of — 

(]) Ten joars’ observations taken by the self-registering tide-gauge at 
Helbro Island, at the junction of tho Mersey and the Dec 

(2) Two yomfi of Kurracheo, m addition to tho three years previously 
analyzed and published 

(II) Two years’ tidal observations b) self-registering tide-gauge at San Diego 
(lat. 32° 42' N„ long 117° 13' W ) on the coast of California, undone yoar’s 
observations at Fort Clinch, Fornumhna (30° 43' N , long. 81° 27'W.), Florida. 
Tho woik of tho Royal Society consists of full harmonic reductions for three 
years’ observations bj sclf-rcgistenng tide-gauge of West Hartlepool, mno 
months of Port Ixjopold, 111) days of Bccchcy Island, one j car of Brest, 
and (a fiist attack on Mediterianoan tides) one }cur of Toulon. 

Bella e Island, 1858 to 1867 mclnwe —The results for Holbre Island have 
been found from nearly ten jcais’ consecutive observations taken by a Bclf- 
registering lide-gaugo ut Groat Helbro, ubout eight miles direct or sixteen miles 
by water-( hannels from the tide-gauge at Li\ erpool, on tho St George’s landing- 
stage. Both theso tido-gaugcs nro under the charge of Captain Graham H. 
Hills, R.R , Marine Suncyor to the Board of tho A1 erso}-Dock Estate ; und 
the Committee is indebted to lum for tho loan of the tide-diugrams from which 
the present results aro obtained The float of the Helbrc Island tide-gauge 
works in a well, into which the tidal Mater n admitted by a pipe below 
low-water level This connecting pipe is kept lreo b) about once every month 
closing its mouth, and allowing tho water to rush out at low water. The 
tide-gauge clock is kept accuiatcl) to Greenwich mean tunc by time-signal 
from Bidstono Observatory In the )uxvs 1800, 1803, and 1804, on account 
of accidental interruptions, the observations only began on Man h 1, March 29, 
and June 3 uspcctively , in each of the other seven years the observations 
began on Jan l Tho rosults of tho harmonic anahsis are given in tho Tables 
below Tho datum-level from whuh tho mean heights A 0 aie calculated is 
the same as thnt used for Livcipool, being 12 feet below tho level of the “ old 
dock sill ” 

The results shown in tho Tables for the separate years agree fairly well to¬ 
gether For e sample, the e \ ti eme diffoi once for tho \ aluo between the ampli¬ 
tudes of tho solar somidiunud (R a of 8) is *0879 of a foot, or scarcely more 
than an inch* and tho epochs of the same tide 2° 1 of the circle, or4 2 minutes of 
timo. Tho amplitude of tho mean lunar semuliurnnl tide (R a of M) vanes from 
year to year, on account of tho varjing inclination of the moon’s orbit to tho 
earth’s equator, very nearly in accordance with the equilibrium theory as 
set forth in Tables JI. and II'. (pp. 305 & 307). 

The variations which tho Tables show in tho \alucs of tho lunar declina- 
tionol diurnal tides (R, of O) and the lumsolar declinational diurnal and 
lr lisolar declinational semidiurnal (Rj, R a of K) are likewise perfectly 
accounted for. 

The following comparison between the evaluated results of the mean solar 
and mean lunar semidiurnal tides and their overtides, and of tho compound 
Helmholtz lumsolnr quarter-diurnal tide of Liverpool and Helbro Island, is 
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exceedingly interesting, and demonstrates the very rapid formation of overtidcs 
in channels where the rise and fall is great in comparison with the depth at 
low water. The results for Liverpool (Report 1872) are tho means of seven 
years’ reductions, and foi Holbro Island of ten ) ears’. Tho value of the mam 
tides are approximately equal at both places, the solar and lumu semidiurnal 
tides at Holbro Island being only about one and two per cent, respectively 
less than the corresponding tides at St, George’s landing-stage at Liverpool. 


8 M. MS 
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1982 
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Tho results for Kurraehee form a continuation of tho thieo } ears’ results 
included m tho Report for 1872 The previous results arc given, quoted 
below fiom tho Report of 1872, along with tho now results for tho sake of 
comparison, Tho results for tho whole ilvo veara thus now given together 
agree very fairly w ith one another, and form a very valuable set of tidal com¬ 
ponents for this jwrtion of tho Indian Ocean 

Through tho kindness of Professors Peirce and Hilgaid, of tho United-States 
Coast Survey, two penis’ tidal observations taken at Sau Diego on tho coast 
of California, and one y cai’s observations taken at Fort Clinch, Fernandina, 
Florida, have been placed at tlie disposal of the Committee. The harmonic 
analysis has Leon completed for these observations, and the results uio given 
below. The Committee are also indebted to the United-States Coast Survey 
for tho observations at Fort Point, California, and Cat Island, Gulf of Mexico, 
of which the harmonic reductions were published in tho Report for 1872, 
These results also uro repeated in the present Repoit, as well as thoHo for 
Kurraehee, for tho sako of comparison. 

The agreement of results foi the two years for Sail Diego is exceptionally 
good throughout. Thero is a remarkable dispropoition between the values 
of tho smaller and larger elliptic semidiurnal tides (R a of I and X) The 
equilibrium - tli coreti cal proportion between these components is about as 1 to 
7, but tho proportion lie 10 is (mean of two years) about us J to 35 The 
smaller component is exceptionally small. 

The retardation of phase of spring-tides (0 030 day) is less than that de¬ 
termined for Fort Tomt, San Fiancisco Ray, and h the smallest value yet 
found for any poi t 

One of tho chief points of interest in tho results for Fort Clinch is the re¬ 
markable disproportion between the moan solar and the mean lunur semi¬ 
diurnal tides, which is as 1 to 6 very nearly. The equilibrium-theoretical 
proportion being about ns 1 to 2 1. This is very near!) fulfilled between the 
solar and lunar diurnal tides (R 1 of P and 0). The time of tho coincidence 
of phaso of tho P and O dcclinaLonal diurnal tides is hero negative This 
is the first instance yet found of the coincidence happening before the times,of 
New and Full Moon. 

Among tho most inteieating results found by the reduction of tho tides 
of these two places, is that at San Diego the proportion between the two 
ohief tides is nearly identical with what the equikbrmm-theor) gives, namely, 
about 2*1 to 1, while (as said above) the proportion between them at Fort 
Clinch is about as 0 to 1, or the ratio of the solar tide to the lunar tide is 
only one third of the value which tho equilibrium theorv assigns to it. 
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I is the avenge inclination of the Moon's orbit to the equator, or her mean maximum north or south declination, for the year. 
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A series of tide-observations extending through five years, com¬ 
mencing 1808, May 1, taken by the Manora sclf-registenng tide-gauge at 
Kurrachee, wore also kindly lent, by Mr. Parkes for the purpose of reduction. 
Tho following senes have been analyzed for each year separately, with the 
exception of the solar semidiurnal tide-components It and T, for which it is 
necessary to combine the observations extending through two entire years, 
Tho datum-lino is 2 foot bdow tho datum-line of the diagram-sheets. 
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0 I JS 4 
3 * 3 ° °S 

oijii 

3°9 9 ® 

0 141 r 
3 * 3 ° 54 



L 

Speed ( 2 y — 

- ^ 

a— w) 



1868 69 

1809 70 

1870-71 

^ 1871 72 

1872-7 T 

R, 

*1 

0 0804 
108° 67 

0 0365 
140° 69 

0 0824 
329 0 68 

00519 

1 * 4*44 

0 1561 
7x^06 



N 

Speed ( 2 y — 

dff+w) 



1868 69 

1869-70 

1870-71 

1871 72 

1872 73 

R, 

'i 

0 6221 
180° 31 


© 5766 
*ii° 35 

06471 
181 0 96 

*7 n 
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X. 

Speed ( 2 y —<r+v 

-2,) 



"lK 08-09 

1800-70 

1870 - 71 . 

1871 - 72 

1872-73 

B, 

0 0613 

0 0381 

0 0432 

0 0839 

0 6750 


156° 46 

9 i° 56 

3 °° 7 * 

29 0 40 

194 0 00 



V. 1 

Sj>oed (2y —da —w 

+2f,) 



1868-09 

1809-70 

1870-71 

1871-72 

1872 73 

B, 

0 1955 

0 0832 

0 0814 

0 1415 

0 1881 

e A 

* 55 ° 6 J 

224 0 40 

345 0 *° 

285° 98 

302° 03 



n 

Speed ( 2 y — 4 <r + 




1808-09 

1809 - 70 . 

1870-71 

1871-72 

1872-73 

R, 

0 0703 

00333 

0 0714 

0 0617 

00534 


269° 99 

217° 7 2 

00 

0 

4* 

0 

0 

*58° 49 

*73° 84 


MS Speed ( 4 y — 2 a— 2 tj) 

1808 - 09 . 

1809-70 

1870-71 

1871 72 

0 0173 

0 0236 

0 0311 

0 0195 

216° 79 

181 0 30 

326° 55 

o° 05 


R Speed (2y — rj) 

, A-----X 


1808-69 and 1860 - 70 . 1870 71 and 1871-72 




R, 


00353 

0 027a 



•a 


12° 04 

3*1° 13 





T 

Speed ( 2 y—Sfj) 




1808-09 and 1809-70 1870-71 and 1871-72 



B, 


0 1108 

O 0576 



e a 


3 8° 9 6 

101° 70 





Long-period Tides. 


1868-60 


1809-70 

1870 - 71 . 



n. 


ft 

ft 


R 

« 

0115 
43 0 96 


o 179 
8o° 20 

0 162 } 
107 0 11 j 

[ Solar annual (elliptic) tide Speed (9). 

R 

O I98 


°°59 

0 062 } 

Solar semiannual (doohnational) tide. 

e 

8i° 98 


116° 93 

6 9 ° 69 j 

Speed (i//> 

R 

0076 


0043 

o 03* 1 

Lunar monthly (elliptic) tide. 

« 

* 47 ° 73 


» 75°*7 

•*S 9°J 

Speed (<r — w) 

R 

0038 


0 064 

0035 1 

1 Lunar fortnightly (declinational) tide. 

« 

335 ° 40 


333 ° 9 1 

183° 11 J 

f Speed (nr) 

R 

« 

0 009 
3 i 6 °'i 9 


0075 

16° 98 

0 058 \ 
I 5 6° 6 l ) 

Lumsolar synodic fortnightly (shallow^ 
tide. Speed 2(a—17) 


Three yoars’ tidal observations, taken at Fort Point (lat. 37° 40' N., long. 
S') »“ W. of Greenwich), San Francisco Buy, California, were received and 
analyzed, with the following results —• 


Year 1808 - 59 . 1850 - 00 . 1860 - 01 . 

ft ft. ft. 

A„«8 7ioj 8*651 81608 

I m *8°o *6° 9 *5° 4 
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S. Speed of semidiurnal 2(y —?). M Speed of semidiurnal 2(y —ff) 



1858-59 

1859410 

1800-61 

1858-59 

1859-00 

1860 - 01 . 

R, 

o 0x46 

very email. 

very small 

00539 

0 0808 

0 0863 

p i 

2X 1° 96 

• •• 

... 

46° 30 

■*9° 37 

32° 7 1 

R. 

O 4067 

0 3802 

0 3S24 

1 6694 

I 6215 

1 6645 

•a 

R, 

334 ° *4 

335 ° *° 

338° 45 

330 0 81 
verj small 

33 *° 30 

?ery small* 

328° 72 
very small, 

C 9 

very small 

VOrj BIM/llI 

»crj Huioll 

0 0616 

* 3 ° 3 * 

0*0712 
26° 73 

0 0698 

n° 15 


MS Speed ( 4 y — 2 <r — 2 ij) 

- -- * - -*-*>. 

1858-59 1859-00. 1800-01 

K 4 00248 00325 00315 

IT, 22° 33 11° 25 22° 8 I 


*1 

H, 

*4 


p. Speed 2 (y — 2 (r-pi;). 

185H- r >‘>. 1859-U0 18604)1 

o 0157 00311 o 0252 

254° 34 206° 14 209° 53 

Tv Sjx*od of semidiurnal ( 2 y) 

1858-59 185 *M >0 1860 61 

1 3370 1 3036 1 2925 

192 0 17 190° 88 j 88° 55 

o 1759 01716 o 1351 

316° 65 3 1 4° 5 3 308° 75 



O 

Speed (y - 2 &) 

P 

Speed {y —2if) 


"l 858-59 

1859410 18604^ 

'1858-59. 

1859-60 

18604ir 

R, 

089x7 
3“ 39 

08511 08784 

0 3672 

0 3659 

0 3869 


6° 25 4 0 01 

16 0 52 

1 5° 9° 

13 0 5» 


L 

Speed (2/— cr — tr). 

N 

Speed (2y—3cr-l-w). 


'*1858-59. 

1859-60 1860-61 

^1858-59 

1859-00 

i8oa-«i s 

R. 

0 0591 

00370 00506 

0 3933 
303^46 

0 3494 

0 3545 


102° 63 

183° 00 170° 16 

305° 53 

302° 51 


R 

Spoed (2y — r;) 

T Speed (2y —3»j) 



1858-50and 1859-00 1858-59 and 1859-00 


B a 

•2 

o 0076 

164° 00 

r. 

«i 

0 0142 
* 77 ° 9 ° 


X. Speed ( 2 y— ff-f-w — 2 ij) 

v Speed ( 2 y~ 3 <r— 

» 4-2 9) 

1858-59 

R. 0 0372 

rS8° 30 

1859-00 1800 01 
00175 00111 
155039 144 ° 

1858 - 59 

0*1044 
** 7 q *3 

1869-60 

0 0387 
171° 46 

1800 - 61 ? 
00437 
349 ° 59 

J. Speed (y+tf— it). 

Q. Speed (y- 3 ff+-w) 

^ 1868-59 

»! 0 08 X 0 

t, *13° 98 

1859430 1860-01 

00376 00565 

108° 29 i83 0, 40 

' 1868 - 59 

0 1706 
353 ° »3 

1850-00 

0 1056 
33 ’° 34 

1860 - 61 ? 

*°’ 9 J 

Coincidence of phase of 

8 and M P and 0 . 

0*214 of a day 0 441 of a day 

Coincidence of 
phase of M and N. 
2*024 dnya 

'w__ 

Opposition of 
phase of L and M. 

0 126 of a day 

After New and Pull Moon 

\IW Moon's perigees 
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Remark an abrupt diminution in the height of mean level after the first 
two years, which the following extract from a letter received from Prof. 
J. E Hilgard fully explains *— 

u The change in the moan-level reading at Poit Foint is a matter of much 
44 annoyance to us The tido-gaugo was put iq> in a small building near the 
“ end of a wharf, and tho tide-staff need for comparison was close to it. 
tf Now it was observed after tho observations had continued some timo that 
tk the wharf was settling, at least the part where tho gauge stood Thou 
“ the gauge was moved to a point a little nearer to the ehoro believed to be 
u firm *, but wo think tho whole whart settled and continued to do so for years. 
“ There seems to be a bog-formation underlying tho suifaec deposit at that 
“ place. There is probably no way of asceiturning tho amount of settling 
“ except fiom the observations themselves. We are now having frequent 
u levellings made, referring tho tide-stuff to a rocky ledge further inland ” 


Cat Island, Gulf of Mexico (Lat. 30° 23’ N , Long 5 h 50 m W of Greenwich). 

Tho following results represent tho tide-components os far as they have at 
present been evaluated. Datum 10 feet below datum of United-States Coast 
Survey — 




Year 1848 

A„ = 

=48574 ft 

Icr i 8 ° 45 . 




8 

M 


L 

N 


Speed 

2 ( 7 - 1 ) 

2(7 

~<t) 

2(7 





O O 442 

0 0101 



, 


*1 

io° 04 

95° 

11 






0 0677 

OII 95 


0 0118 

0 0269 



13 0 80 

1 o° 

75 

211° 40 

33° 57 


K 

O 



r 

J 

Q 

Speed 

2(7) 



(r 

~ 2 r t) 

( 7 +<r— v) (y-3 ff+w) 

R. 

04627 

0 3855 


O 

» >559 

O CH92 

00733 


c 

0 

**4° 19 


*3° 6 5 

18 0 i» 

*>S° 3* 

R a 

0 0105 





1 ••• 

• 1 • 


288° 73 






• MM 

It is extremely interesting to find 

that, 

although 

tho lunar and 


semidiurnal tides are very small in value, the senes of means from which 
they were obtained being extiemoly regular and good, the consequent de¬ 
termination of the phase of spnng-tides from their respective epochs is 
probably correct within a few minutes. Tho proportion between tho ampli¬ 
tudes of tho lunar and solar semidiurnal tides is tho nearest approach to 
equality yet obtained, being in the ratio of 1 L to 6 . The comparatively largo 
value of of Senes S is undoubtedly a genumo tide; but tho sraalineBS of tho 
corresponding value of Series M must forbid the conclusion of its being purely 
astronomical. It is perhaps producod by temperature or wind, its time of 
maximum being about 40 minutes after noon. Thero are also indications of 
a similar and large annual tide of 0’274 foot amplitude, and maximum about 
Aug 10, which is also probably meteorological in its origin. The proportion 
between tho lunar and solar diurnal (Dochnational) tides (R t of Series O and 
P) will be, on the assumption of the variation of R l of Benes O being as the 
square of the sino of the declination, about 4 to 1 . 

Tho following are tho values of the long-penod tides;— 





TIDAL OBSERVATIONS, 


287 


Solar annual tide (elliptic and meteorological) . 

Solar semiannual tide (declirmt onal and meteorological) 
Lunar monthly tide (elliptic) • 

1 unar fortnightly tide (doclinati )nal) 

Lumsolar fortnightly tide (srv nodic) 


R 

e 

ft 

0 

0x74 

144 50 

0 128 

35 ox 

0 jo6 

304 j 7 

0043 

136 69 

0 099 

336 26 


Tho rcsulta of three yeara tide observations taken at West Hartlepool 
England (Tat 54° 41 N Long 1 ° 1 , " 
from 1858, July 1, to 1801, July 5 

Year 

Inclination of Lunar orb I to .Earth » \ j 
equator J 

Mean ma letel abnye datum 1 2 feet \ A _ “* „ 

KaLiv m«nn IptaI nf <li ifinrnniH J ° * 


! W ), bj a 

self registering tulo £ 

18 >8 9 

18o9 00 

1800 01 

= x 8 °o 

X 7 ° 1 

2 5° 9 

ft 

ft 

ft 

= ix 1518 

11 9^06 

j x 005 6 



S Speed 

f sen 1 hurnnl 

_A_ 

%y-n) 


18 >8 f9 

18 J 00 

1800 or 

Hi 

0 0192 

0 0542 

0 0248 


I 3i°8 3 

*56° 75 

168° 83 

B, 

1 7543 

1 7107 

1 7491 

«* 

B, 

140° 50 

138° 09 

137 0 87 

» 4 

00253 

0 0212 

0 0190 

«* 

B a 

190° 24 

173° 7* 

171 0 53 


M Speed of a nidi irnal 2{y — a) 


18 r 8 f 9 

18 f )-M> 

mo gi 

0 0376 

vO 

O 

O 

00397 

i° 7 i 

47 ° 57 

4 6° 87 

5 0062 

5 0181 

5 0901 

97 ° 50 

97 ° *7 

94 ^ 5 8 

0 0358 

0 0117 

00453 

1 20 ° O I 

103° IX 

»H° i 5 

O 0746 

0 1006 

0 0958 

ioo° 63 

ii 3 ° 9 > 

102° 64 

*- 

VO 

0 

0 

O O716 

O 0704 

47 ° 10 

50° l I 

40 0 oS 


d 


R 

'i 


H. 

•j 


R, 

U 


K Speed of semidiurnal ( 2 y) 

-- *- — 

1858 50 1859-00 

R 04198 03961 

« 333 ° 6 3 331*54 

R a 06118 06 x 15 

131 0 36 1x3° ai 


O 

Speed (y ~ 

-2c) 

T 868 50 

185J-O0 

1800-01 " 

os° 5 + 
357 ° 96 

0 4829 
1 ° 36 

04854 
4 0 19 

J 

Speed (y-f-i 

& — w) 

'1858 59 

1850-00 

lftOO-Gl" 


0 0 x 91 
xi°8i 

0 0191 
183° 65 

L 

Speed (2y— 

<?-v) 

1858 59 

1859-00 

1860-01 " 

0 *040 
* 74 ° 47 

0 1308 
X98 0 70 

0 17x1 
186° 19 


1800-01 
o 4065 
330° 6x 
o 5198 

116 0 ox 


P 

Speed (y — 

2,) 

1858-50 

1859-60 

1860-61' 

0 mi 
141 0 41 

O IXOX 

* 4 *° 44 

0 0946 

» 4 *° *4 

Q 

Speed (y—dc+v) 

' 18.58 r 9 

1859-00 

1800 - 61 ' 

0 163* 
3 * 5 ° 54 

0 1630 
3 ° 7 ° 45 

0175* 

3 °J° 77 

N 

——- 

Speed ( 2 y— 3 (f+ir) 

-4-^ 


✓-*-■** 

1858 50 1859-00 1860411 

00195 00480 10x51 

76 ° 19 68 %po 7 °° 10 


X Speed ( 2 y— ff+tr 

-in) 

v Speed ( 2 y— S#— 

•+•24) 

1858-69 

1859-60 

1860-6l. S 

1858-59 

1859-00 

1860 - 01 ' 

005J4 

0 1068 

0 njj 

0 1110 

03170 

o}<j 9 

3 x 6*80 

x6x° 93 

* 93 ° 03 

74 ° 41 

114 ° xx 

f *° *7 
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»a 




1868-69 
o 0907 
6° 57 


Speod 2 (y — 2 <r-fij). 

-»- N 

1859-60 1860-61. 

00951 00 549 

342^40 40°*10 


MS Speod (4y —2<r—2r/) 

1858-69 1869-60 1860P31 

B 4 o 0454 00388 00447 

e i 121 0 48 i4o°4i 112 0 73 


2 SM Speod ( 2 y 4 * 2 <r— 4 *;). 

f _ > _——.—.. . 

1868-59 1869 60 1860-61 

Ttj 00326 0033a 00087 

< j 3i5°68 30° 19 227 0 66 


R. Speed (2y — rj) 

1869-00 and 1800 o7? 
R a 00081 

258° 78 


T Speed (2y —Jliy) 

1869-60 and i 860 01 
o 1403 
279 0 83 


Speed 


Long-period Tides, 

-V 2(«r-„). 


ft It 


1868-59. 

P 

0075 

c 052 


l * 

23°53 

> 9 °° 34 

1869-60 

p 

0 135 

0053 



1 75° 75 

222° 34 

J 860-61 

p 

0 139 

OO73 


1 - 

79° 19 

158° 62 


Coincidence of phaw of S and M 
Coincidence of phase of P and O 
Coincidence of phase of M and N 
Opposition of phase of L and M. 


ft 

ft 

ft. 

O I3I 

0217 

O 004 

70° 88 

257° 63 

a 

O 

O 

0 131 

0 366 

O I38 

57° 35 

200° 02 

io 5 °* 6 s 

0*141 

0213 

0-149 

54 ° 55 

'99° 69 

286° 62 


(^From moan of 0 v am ) 
dnjs 

“ * J -After Niw or Full Moou 
!.! = o 7677 j Aftcr nMwm ’ 8 I>“n({ce 


The results of the three years’ reductions agree, on tho whole, well 
together. The following small components, however, are somewhat discordant, 
viz. the elliptic diurnal tide J, tho Bmaller component of tho evectwn semi¬ 
diurnal tide and the lumsolar compound semidiurnal tide 2HM 

Tho good agreement between tho separato determinations of tho mean soa- 
Icvel renders Hartlepool a favourable place for tho purposes of tngonomotrical 
survey, the annual tide also being much less in amount thun at Liverpool, 
to the moan sea-level of which the present survey of tho United Kingdom is 
referred. 

Tho values of the diurnal components are os largo as those for Liverpool, 
whore tho mean solar and lunar semidiurnal tides aro nearly double tho values 
of those for Hartlepool, and aro tho largest j et evaluated for English ports. 

Tho value of tho smaller elliptic semidiurnal tide (L) agrees very nearly 
with tho oquilibnum-thoory value of the values of this component for othor 
English ports, being considerably in excess of tho theoretically assigned value. 
The larger component (N) agrees exactly with that deduced from theory. 

A remarkable point in the deductions is the smallness of the overtidee of 
the chief semidiurnal tidos, and also of the compound lunisolar quarter- 
diurnal tide (MS), which have been well marked in the other English ports 
of which the observations have been analyzed. 

There is scarcely sufficient agreement between the results cleducod from 
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the long-penod tides to be satisfactory although the quantities of some are 
within reasonable limits The values tor , as usual show an undoubtedly 
genuine annual tide of about three inohos with its maximum about the ond 
of October or beginning of November which agrees with the time givon for 
other English ports Of the other long period tides the synodic fortnightly 
[2(*r — ,)] gives a fair agreement between the values deduced from the separate 
jears 


Itesults of Hourly Tide observations taken at Port Leopold, Arctic Archi 
pelago by Sir James Clark Rosa from 1848 Nov 1, to 1849, July <31 
(Lat 74° N Long 91° W ) 


I or mol nation of moon s orbit to earth s equator = i8° 7 



s 

M 

J 

N 

K 

Speed 

2(y-,) 

2 {y-<r) 

(2-y — a — w) 

( 2 y- 3 (T-htr) 

( 27 ) 


ft 

ft 

ft 

ft 

ft 

R 

0 0308 

0 0441 



0 7907 
309 0 02 


*6° 55 

269° 19 




06432 

2 0736 

00513 
189° 18 

0 4345 

0 13*5 
34 ° 99 

•j 

a8° 78 

338° 83 

306° 36 

»« 

0 0065 

0 0160 




u 

156° 84 

0 

w 

0 

0 

w 

O 

P 




Speed 

(r-a ’) 

(7 2,) 




R 

0 3632 

0 2161 




€ 

69° 64 

** 7 ° 55 



Comoidenoe of phase of 8 and M 
Coincidence of phase of P and O 
Coincidence of phase of M and N 
Opposition of phase of L and M 


days 

= * °4®7 } After New or P ill Moon 
— 1 375 1 J 

= l 3191 } Ailar moon * P* r 


Reaulta of Hourly Tide observations taken at Beechey Island Erebus Bay 
Arctic Archipelago by C iptam Pullen for 110 days commencing 1868, 
Nov 2 (Lat 74° 43 N Long 91° 54 W ) 


I or inclination of moon t orbit to earths equator = 18 0 o 


S 

Sp*d %-,) 
ft 

3 , o 686 

33 ° 7 * 
very small 

•i 


M 

2 ( 7 -*) 

ft 

i 930 
345 9 * 
oou 
26 f 83 


«i 


o* 


Speed 


K 

2(7) 

09930 

o 1944 
46° « S 


1879 


Coincidence of phase of 8 and M 
Oomcadenoe of phase of P and 0 
Coinodmoe of phase of M and N 
Opposition of phase of L and M 


L 

(2 y -c~w) 

ft 

o 0867 
209° 01 


O 

■(r-Ar) 
0 570 
75 °*+ 


N 

( 2 r - 3 <r+ir) 

ft 

0 4149 

3*3 5* 


(7-2,) 

o *150 
13»° 11 


P 


daya. 

Z i 3SI0 } After or Pull Moon 


u 
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The tides at Fort Leopold end at Beechey Island, as seen from the above 
analyzed constituents (due allowance being given to the different values for 
I), are almost identical m character, the agreements of the components when 
compared being remarkably close. ' 

The diurnal components ore large, and in the years of maximum declination 
of moon nearly sufficient at certain parts of the lunation to reduoe the period 
of the tide to that of one tide only in tho twenty-four hours. 

The narrrownoss of Behring’s Straits precludes the supposition that the 
tides in tho Arctic Ocean and among tho channels of the Arctio Archipelago 
are sensibly influenced by communication through it with tho Pacific. 

The largeness of the values for the retardation of spring-tides renders it 
probable that for those places tho tidal influence is derived chiefly from the 
Atlantic Ocean, and not by direct action of Bun and Moon on the waters of 
the Arctio Ocean. 

The shortness of the senes of thoso observations, especially those for 
Beechey Island, has rendered some departure from tho usual mode of reduction 
desirable The following explanation is therefore necessary :—Tho observa¬ 
tions were first grouped according to mean solar hours, and the summations 
and means obtained and the means analyzed The values of the mean solar 
amplitudes thus obtained were then used for the calculation of tho height of 
the tide at each integral mean solar hour due to these constituents. The 
heights were then copied for the previous values grouped according to mean 
solar hours, subtracting from each quantity tho effect of the height due to 
the moan surf, computed as above explained. These numbers wore grouped 
according to mean lunar hours, and tho senes of mean values analyzed as 
before. The value of the tide at each mean lunar hour was then computed 
and subtracted from tho previously copied senes, and grouped according to 
sidereal hours and the reduction continued as before ; and so on throughout 
the seven evaluated senes. The values obtained for the smaller components 
found by these means are no doubt trustworthy. 


Note* on the Jttcduotions of the Tidal Observations of Brest and Toulon 9 
By Mr. Roikbts. 

“ With the kind assistance of M. Janssen the tracings from the original 
“ registered tidal observations at Toulon for the whole of the year 1868 were 
“ obtained from tho Deportment of tho M&nne at Paris, and also a copy of 
“ the heights at Brest for the year 1876. These two years’ observations have 
“ been treated and reduced in & similar manner to the many years’ tidal obter- 
4 ‘ vations fully described in the Reports of the Tidal Committee of the British 
“ Association for the years 1808 to 1872. It will therefore be only necessary 
“ in this place to give a general summary of the results obtained. The ob- 
“ servations being given in metres, the results hare been similarly expressed 
11 in decimetres and centimetres, and not in English feet. 

« Brest. 

“ The proportion between the solar and lunar semidiurnal tides at Brest is 
u (allowing for the value of the Moon’s declination) about a* 1 to 8» and 
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u agrees fairly with the proportion found at most British ports The elliptic 
44 semidiurnal tides agree within narrow limits with the values assigned by 
44 theory, as also those of the Evcctiow and Variation semidiurnal The 
44 overtides hero, as at Toulon are small, the mean lunar quarter-dmrnal 
44 components amounting to 4 8 centimetres only, the main lunar semi- 
44 diurnal tide being 1 0887 motre Tho terdiurual component is about 
44 of the chief tide, which accords with the proportion found at British ports. 
“ The diurnal components at Brest are very small, and are only about double 
44 the amounts found for Toulon, although the range of tide is about thirty 
44 times greater 


4 Ionian 

44 Ihe proportion between the solar and lumr semidiurnul tides at Toulon, 
44 having regard to tho fact that the intimation of the Moon's maximum 
44 orbit to tho earth s equate r tor tho >e ir reduced was neirly at its greatest, 
44 agrees very nearly with that assigned to it by tho Equilibrium thoory, and 
44 was found to bo about as 1 to 2 2 lhc ovirtides of tho main semidiurnal 
44 components wtre found to bo very sm ill, the largest that of the first over- 
44 tide ot the lunar semidiurnal, scarcely exceeding 3 millimetres Ihe ter- 
44 diurnal lunar tido amounts to about ^ of tho main lunar semidiurnal, tho 
44 proportion generally found for this component from many jears reductions 
44 at different ports being about A of the chief component Ihe proportion 
44 between tho longer elliptic and the lunar semidiurnal is somewhat larger 
14 than the deduced value according to the equilibrium thoory, although that 
44 between tho larger and smaller components agrees almost exactly The 
44 semidiurnal tides depending on tho lunar perturbations of Evectxon and 
44 Venation agree within reasonable limits with the equilibrium theoretical 
44 proportions lho evaluated diurnal components are very large, the lum** 
44 solar exceeding m value the mean solar semidiurnal These large diurnal 
44 components give to tho Mediterranean tides a totally different character 
44 from those of the North Atlantic, in which the diurnal tides are very small 
44 The coincidence of phase ot the mam lunar and solar semidiurnal tides 
44 happening some 4 or 5 hours before the time of New or Full Moon would 
44 point to the conclusion that the tides at Toulon were wholly generated in the 
44 Mediterranean, and Were scarcely if at all influenced by any action of the 
44 North Atlantic through the Straits of Gibraltar, tho amount of retardation 
u of coincidence of phase for these components amounting on the western coast 
44 ef Europe to between 30 and 40 hours The etaluation of the long-penod 
44 tides places the maximum of the solar annual tide at Deo 30 The value 
44 of the lunar declinational fortnightly tide is about 14 centimetres, or 
“^inoh” 
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To facilitate comparisons between the various results of the harmonic ana¬ 
lysis contained in this and the preceding Reports and to promote a complete 
theoretical appreciation of thorn all the following harmonic analysis of the 
equilibrium tide will be found useful A portion of it that namely, per¬ 
taining to the mean semidiurnal the declinational semidiurnal and the 
elliptic semidiurnal constituents was gi\en in tl e Report for 1872 (§§48, 
60) For tho sake of clearness an investigation of the equilibrium tide, 
consisting chiefly of extracts from .Thomson a id Tints Natural Philosophy * 
vol i is premised as the first edition of that work is out of print and the 
second odition can scarcely appear until after the publication of this Report 
Let E denote the earth s moss M the mass of tho moon or Bun D the dis 
tanoe botwoon the centres of the two bodios a the earth s radius If we 

neglect tides depending on the fourth and higher powers of ^ (of which only 

one, Laplace b tcrdiurnal lunar tide referred to in § 3 of the Committee a 
Report for 1868 and again in § 5 1872 can probably bo sensibleJ the equi 
librium tido will not be altered bj the following arbitrary but conveniently 
symmetrical assumption Imagine M to be divided into two 1 alvcs and let 
these be fixed at distances each equal to 1) on opp site Bides of the earth in a 
line through its centre Th n if r 6 \ o polar coordinates of any point referred 
to the earth s centre os origin and the line joining tho two disturbing bodies 
as axis the equation of an equipotcntial surface ia [Thomson and Tait, 
§§804 811] 

1 7 + * M ^(D‘-2rl)coH0+r 2 ) + VW+ irUcos^+j 5 )-*” 001181 

T 

and aB the first approximation for p is vory small, we have 

r + j)L 1 + ( 3 cos *0 — 1 )]*= const ( 12 ) 


whenoe finally if r«=a-f -u u being infinitely small 

• -ijjjpoo*)- 1 ) 

Thu u a spherical surface harmonic of the second order and 


( 18 ). 


Ha* 

LD* 


u on* 


quarter of the ratio that the difforonce between tho moon s attraction on the 
nearest and furthest parts of tho earth bears to terrestrial gravity Hence 
‘ The fluid will be disturbed into a prolato ellipsoidal figure with its 
long axis in the line joining the two disturbing bodies and with ellipticity 
equal to | of tho ratio which tho difference of attractions of one of the dit- 


bears to 
we sup- 


turbrog bodies on the nearest and furthest points of the fluid surf* 
the surface Value of the attraction of the nucleus If, for mstana 
pose the moon to be divided into two halves and these to be fixed on Opposite 
sides of the earth at distances each equal to the true motors mean distance, 

tip elhptioity of the disturbed terrestrial level woqld be g x x foMQfr 
U 006,000 ’ and ^ whole dlfference of l^els from highest to lowest would 


be about 1 $ feet We shall have much occasion to use this hypothesis in 
voL u in investigating the kinetic theory o! the tides 
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° 805. The rise and fall of water at any point of the earth's surface we may 
now imagine to be produced by making these two disturbing bodies (moon and 
anti-moon, as we may call them for brevity) revolve round the earth’s axis 
onoe in the lunar twenty-four hours, with the line joining them always in¬ 
clined to the earth's equator at an angle equal to the moon’s decimation. If 
we assume that at each moment the condition of hydrostatic equilibrium is 
fulfilled, that is, that the free liquid surface is perpendicular to the resultant 
foroe, we have what is called the * equilibrium theory of the tides.' 

“ 800. But even on this equilibrium theory, the nae and fall at any place 
would be most falsely estimated if we were to take it, as we behove it is 
generally taken, as the rise and fall of the spheroidal surface that would bound 
the water were there no dry land (uncovered solid). To illustrate this state¬ 
ment, let us imagine the ocean to consist of two circular lakes A and B, with 
their centres 90° asunder, on the equator, communicating with one another by 
a narrow channel. In the course of the lunar twelve hours the level of lake A 
would rise and fall, and that of lake B would simultaneously fall and nse to 
maximum deviations from the mean level. If the aroas of the two lakes were 
equal, their tides would be equal, and would amount in each to about £ of 
afoot above and below the mean level, but not so if the areas were unequal. 
Thus, if the diameter of the greater be but a small part of the earth’s qua¬ 
drant, not more, let us say, than 20°, the amounts of the nse and fall in the 
two lakes will be inversely as their areas to a close degree of approximation. 
For instance, if the diameter of B be only -fa of tho diameter of A, the rise 
and fall in A will be scaroely sensible, while the level of B will rise and fall 
by about If feet above and below its meanj just as the rise and fall of level 
in the open cistern of an ordinary barometer is but small in comparison with 
fall and rise in the tube. Or, if there be two large lakes, A, A', at opposite 
extremities of an equatorial diametor, two small ones, B, B', at two ends of the 
equatorial diameter perpendicular to that ono, and H o small lakes, C, CT, at 
two ends of the polar axis, the largest of these being, however, still supposed 
to extend over only a small portion of tho earth’s curvature, and all the six 
lakes communicate with ono another froely by canals or underground tunnels :• 
there will be no sensible tides in the lakes A and A'; zn B and B' there will 
be high wator of If feet above mean lovol when the moon or anti-moon is 
in the zenith, and low water of If feet below mean when the moon is rising 
or setting; and at C and C' there will be tides rising and falling $ of a foot 
above and below the mean, the time of low water being when the moon or 
anti-moon is in tho meridian of A, and of high water when they are on the 
horizon of A* The simplest way of viewing the case for the extreme circum¬ 
stances we have now supposed is, first, to consider the spheroidal surfaoe that 
would bound the water at any momont if there ware no dry land, and then 
to imagine this whole surface lowered or elevated all round by the amount 
required to keep the height at A%nd A' invariable. Or, if there be a large 
lake A in any part of the earth, commumoating by canals with Bmall lake* 
over various parts of the surface, having in all but a small area of water in 
comparison with that of A, the tides in any of these will be found by drawing 
a spheroidal surfaco of If feet difference between greatest and least radius, 
and, without disturbing its centre, adding or subtracting from each radius 
such a length, the same for all, as shall do away with nse or fall at A. 

u 807* It is, however, only on the extreme supposition we have made, vf 
one water area much larger than all the others taken together, but yet itself 
covering only a small part of the earth's curvature, that the rise ana fall can 
be done away with nearly altogether in one place, and doubled in another 
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place Taking the actual figure of the earth a tea surface we must subtract 
a certain positive or negative quantity a from the radius of the spheroid that 
would bound the water were thero no land a being determined according to 
the moon s position to fulfil the condition that the volume of the water 
remains unchanged and being the same for all points of the sea at the same 
time Many writers on the tides have overlooked this obvious and essential 
principle indeed we know of only one sentence* hitherto published in which 
any consciousness of it has been indicated 

The quantity a is a spherical harmonic function of the second order of tbo 
moon s decimation and hour angle from the meridian of Greenwich of which 
the five constant coefficients depend merely on the configuration of land and 
water and maybe easily estimated approximately by not very laborious qua 
dratures with data derived from the inspection ot good maps 
808 Let as above 

r=a( 1+u) (14) 

be the spheroidal level that would bound the water wero the whole solid 
covered « being given by (13) of § 804 Thus if Jfdtr denote surface in 
tegration over the whole surface of the sea 

afJade 

expresses the addition (positive or negative as thocase maj be) to the volume 
required to let tho water stand to this level everywhere To do away 
With this change of volume we must suppose the whole surface lowered 
equally all over by such an amount «(positive or nogative) as shall equalize 
It Hence if Cl be the whole area of sea we have 


(iffade 

LI 


And 

is the corrected 


r*z?-—n 1 -f u— 

equation of the level spheroidal surface of the sea 

* a ' 


(16) 

(16) 

Hence 

(17) 


where h denotes the height of the surface of the sea at any place above the 
level which it would take if the moon were removed 
To work out (15) put first for brevity 

and (13) becomes 

u»r(cos fl 0-$) (10) 

Now let l and X be the geographical latitude and west longitude of the place 
to which u corresponds and ^ and i the moon s hour angle from the meri¬ 
dian of Greenwich and her decimation As 0 is the moon s zenith distance 
at the place (corrected for parallax) we have by ephonoal trigonometry 

cos 0->cos l oos l oos (X - + am I sm 3, 

wh ch gives 
3 cO8*0-~1_ 

Joort cos*icoi2(X - ^)+ 0sm 1 cos ton ? oos3oob(X - if,)+ j (3sm*3- lX8m*-1)(20) 
Rigidity of the Earth ” J17 Phil Trans 1863 
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Honoe if we take 3, S, C, 3B, <C to*denote five integral* depending solely 
on the distribution of land and water, expressed as follows — 


$5—— jj oos*Z cos 2\d<, t 


B= A //cos’Zrin 2\d„, ^ 


CttjL^ain Zcos 1 cosXrfo, 30 =* i/fsin l cosZsinXd*, 

<Bmal//(3 Brn 3 l - l)dtr, 


• ( 21 ). 


where of course dtr*= cos ldld\, 
we have 

““a fM*** 

^ar {$ oos*5 (Scos2 \p -f13 sin2vf/)+0 sin o cos 3 (Ccosip + ©sin \f/) + j-ffi(3 sm*3 -1)} (22). 


This, used with (19) and (20) in (17), gives for the full conclusion of the 
equilibrium theory, 

hsm 

Jor(3 sin* Z -1 - ffi) (3 sin* S -1) 

•f 2#r[(sinZcosZco8X — C) cos i^-f(8inZcos Zsin A —j0)sm sin 5 cos 3 i 

Y ■ (2d), 

4* ^ [(cos* l cos 2X—3) cos 2^ -f(cos 2 1 sm 2X - 18) sin 2^] cos 2 5 
2 


in whioh the value of r may be taken from (18) for either the moon or the 
sun j and 3 and ^ denote the declination and Greenwich hour-angle of dne 
body or the other, as the case may bo. In this expression we may of course 
reduce the semidiurnal terms to the form A cos (2^—e), and the diurnal 
terms to A' cos (^ - e'). Interpreting it we have the following conclusions:— 

u 809. In the equilibrium thoory, the whole deviation of level at any point 
of the sea, due to sun and moon acting jointly, is expressed by the sum of 
six terms, three for each body. 

u (1) The lunar or solar semidiurnal tide rises and falls n proportion to a 
simple harmonic function of the hour-angle from the meridian of Oroenwioh, 
having for period 180° of this angle (or in timo, half the ponod of revolution 
relatively to the earth), with amplitude varying in simple proportion to the 
square of the cosine of the decimation of the sun or moon, as the ease may 
be, and thorefore varying but slowly, and through but a small entire range. 

. “ (2) The lunar or solar diurnal tide varies as a simple harmonic function 
the hour-angle of period 360°, or twenty-four hours, with an amplitude 
varying always m simple proportion to the sine of twice the declination of the 
disturbing body, and therefore changing from positive maximum to negative, 
and back to positive maximum again, m the tropical* ponod of either body 
in its orbit. 


' f The tropical period differs from the sidereal period m being reokoned from the first 
pgi&t of Arioa instead of from a line fixed in space, the difference for the rase of the sun 
Defog only one in 20,000 rears, and for the esse of the moon one in 13 x 18*0 
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M (3) the lunar fortmghtly or solar semiannual tide is a variation on the 
average height of water for the twenty-four lunar or the twenty-four solar 
hours, according to which there is on the whole higher water all xpund the 
equator and lower water at the polos, when the decimation of the disturbing 
body is zero, than when it has any other value, whether north or south , and 
maximum height of water at the poles and lowest at the equator, when the 
decimation has a maximum, whether north or south Gauss’s way of stating 
the circumstances on which ‘secular’ variations in the elements of the solar 
system depend is convenient for explaining this component of the tides Let 
the two parallel circles of the north and south decimation of the moon and 
anti-moon at anj time be drawn on a geocentric Bphenoal surface of radius 
equal to the moon a distance and lot the moon’s mass be divided into two 
halves and distributed over them As these circles of matter gradually vary 
each fortnight from the equator to maximum declination and back, the tide 
produced will be solely and exactly the ‘ fortmghtly tide ’ 

‘810 In the equilibrium theory as ordinanly stated, there is at any place 
high water of the semidiurnal tide precisely when the disturbing body, or 
its opposite, crosses the meridian of the place and its amount is the same 
for all plaoes in the same latitude, being as the square of the ooaine of the 
latitude, and therefore, for instance, zero at each pole In the oorreoted 
equilibrium theory, high water of the semidiurnal tides may be either before 
or after the disturbing body crosses the meridian, and its amount is very 
different at different places in the same latitude, and is certainly not zero at 
the poles In the ordinarily stated equilibrium theory, theie is, precisely at 
the time of transit, high wster or low water of diurnal tides m the northern 
hemisphere according as the declination of the body is north or south, 
and the amount of the rise and fall is in simple proportion to the mno of 
twice the latitude, and theretoro vanishes both at the oquator and at the 
poles In the corrected equilibrium theory, the timo of high water may be 
considerably either before or after the time of transit and its amount is very 
different for different places in the same latitude, and oortamly not zero at 
either equator or poles In the ordinary statement there is no lunar fort¬ 


nightly or semiannual tide in the latitude 35° 10 (being im- 1 —), and its 

y 3 

amount in other latitudes is in proportion to the deviations of the squares of their 
Sines from the value j In the corrected equilibrium theory each of these tides 
is still the same m the same latitude, and vanishes in a certain latitude, and in 
any other latitudes is in simple proportion to the deviation of the squares of their 
sines from the square of the sine of that latitude But the latitude where 

there is no tide of this class is not sin -1 i but sln- l (y'li®), where is 

V3 3 


the mean value of 3sin*Z—1 for the whole covered portion of the earth's 
surface, a quantity easily estimated by a not very laborious quadrature, from 
sufficiently complete geographical data of the coast hues for the whole earth. 

" As the fortmghtly and semiannual tides most probably follow in reality 
very nearly the equilibrium law, it becomes a matter of great importance to 
evru&te this quantity, but we regret that hitherto we have not been able to 
undertake the work Conversely, it is possible that careful determination of 
the fortnightly tides at various places, by proper reduction of tidal obserra* 
tions, may oontnbute to geographical knowledge as to the amount of water 
surface in the hitherto unexjdored districts of the arctic and autai^tlo 
regions 



T11>Al OBftYKVATMNS 


900 

11 811 The superposition of the solar semidiurnal on the lunar semidiurnal 
tide has beep investigated above (§ 60) as an example of the composition of 
simple harmomo motions and the well known phenomena of the spring 
tides and neap tides and of the pruning and lagging have been 
explained We ha\e now only to add that observation proves for almost all 
places whether oceanic islands or other open coast stations or in deep bays 
estuanes or tidal rivers the proportionate difference between the heights of 
spring tides and neap tidos and the amount of the priming and lagging to be 
much less than est mated m § 60 on the equilibrium hypothesis aud to be 
very different in d fferent places as wo shall see in vol n is to be expected 
from the k net o theory 

The four lunar and solar diamal and semidiurnal tides spoken of in 
§809 of the preced ng extract are in the harmonic analysis of this Com 
nntteo resohed into harmonic constituents with constant amplitudes and 
epochs instead of the vary ng amplitudes a d epochs which that statement 
implies in virtue of the vary ng distances of tho sun and moon from the 
earth and of the d fferenees of their nght oscens ons from those of ideal 
bodies moving uniformly m the plane of tho earth s equator with constant 
angular velo t es e jual to the mean angular velocit es of the sun aud moon 
round the earth 

To investigate for either moon or sun alone the equihbn im values of 
these simple harmomo constituents and to exhibit the simple harmomo ex 
preasion for the long period declmational tide represented by the first line of 
(238) § 80 call L the value of this line D the val le of tho second line (or 
the whole complex d urnal equilibrium tide) and 8 the value of the third 
hue (or semidiurnal equilibrium tide) 

Put 


3em a Z — 1— 

sin Zoos Zoos X —C**Fcos/ smZcosZwnX —fi«Fsin/ 
cos*Z cos2\ —3=»G cos2p cos*Z$in2X-S «G sin2g 

Then 

arK(3 sin’J—l) (I) 

D®2<rr sin ? cos 3 Foos(^ — f) (II) 

8as Y 008 *? G cos 2(\£ (III ) 

where F / G g are constants for each place having different values for 
different places Let ip be the angle between the body s radius vector and 
the asoending node of its ortyt relatively to the earth s equator (which for 
the case of tho sun will be his longitude) let v be the nght ascension of 
thin node (which for the oase of the sun is of course zero) let a denote the 
right ascension of the body reckoned from this node (which for the sun will 
he his nght ascension measured from the first point of Aries) let I denote 
the inclination of the body s orbit to tho plane of ti e earth s equator (winch 
tor the case of the sun is nearly enough constant for our purposes and equal 
to 23° 27 19 ) lastly let x denote the sidereal time reduced to angle, that, 
ii to say| the Greenwich hour angle of the first point of Anes M e hare 
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Hence by (I.) and (II), 

D»2arF{cos (x— v— f) coa a + sin (x~ v—f)BM a}sin 3 cob 3, . . (IV) 

8 *=^G{cos 2(^— v— y) cos 2a + sin 2(^- v — £)sm2«}cos 3 £. . . . (V.) 

Now 8 and a aro the two legs of a right-angled triangle of which ^ is the 
hypotenuse and I the ungle opposite to Honce, by spherical trigonometry, 

sin r)=8in I sin <£, 

COS « COf*t) = COS <j), 

Bin a cos S=bin tf> cos I. 

Hence sin^ = j sin a I( 1 — cos 2<f>), 

and so L=|arK( — £-fsin 2 I —sin 3 I cos 2<f>) .(VI) 

Next for the diurnal tide 

sin 8 cos 8 cos a = sin I sin </> cos sin I sin 2<f>, 
and Bin 8 cos 8 sin a = sin I sin 3 ^ cos I = £ Bin 1(1—cos 2<p) cos I, 
and using these m (IV ) wo find (VII ), page 301. 

Similarly, towards reducing for the semidiurnal, 

cos 2a cos 2 c=(2 coB J a— 1) co8 2 £ = 2 cob j </> — (1 —sin 3 I siu 3 ^) 

e= cos 2(p( 1 — 1 Bin 2 I) -f k sin'I = cob 2 <p( \ 1 cos*I) -f £ 8in a I, 

and sin 2« cos a £=2 sin a cos 8 cos a cos 8 = cos I sin 2y>. 

Using these in (V ) we find (VIII ), page 301. 

The sum of these three expressions (VI ), (VII ), and (VIII.), 

A«=L + D + R,.(IX.) 

would be the required complete simplo harmonic expansion, if r were constant, 
and if <f> increased Bimply m proportion to the time 

To complete the process we must, by aid of physical astronomy, express r 
and ^ in terms of 

For the case of the sun, the only deviation from uniform circular motion 
which produces sensible inilucnce on the tides is the elliptic inequality, for 
the case of the moon we must take into account also the perturbations called 
erection and variation. 

For the case of the sun we have 

r-*|A I—J*-0s .(X.) 

if E denote the earth’s mass, 8 the sun’s mass, p his parallax at any time, 
and w the obliquity of the ecliptic. Let P denote the mean parallax, v the 
longitude of the ponhehon, and e the eccentricity of the orbit. As <p now 
demotes the sun’s longitude, we have by the polar equation of the ellipse with 
one foous as polo, 

COS (</» — «)} ; 

and by Kepler’s firstlaw^, ^ JS constant. 
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Hence if ij denote the mean angular velocity of the sun's radius vector, y 
the angular velocity of the earth’s rotation, and © tho mean aim's right 
ascension (or, which is the same, the sun’s " mean longitude ”) at the instant 
of the first transit of Y after the vernal equinox of the year, wo have 

^=^{ 1 +<C 08 (^- W )} S 

=*^{1 -f 2t cos (<p— o*)} approximately 

| 14- 2e cos 4* 0 — j approximately. 

Henceforward x must denote the whole angle turned through by tho earth 
from the instant of the first transit of Y across the raendiun of Greenwich 
after a time when the sun’s longitude was zero, 

Hence, integrating, 

4 , =©+’'x+ 2<8in (^C+0-®)- 

Now, if A denote any angle, 
sin (-2^+ A) = 

ein(-20-^x+ A j- 4 « cos^ —20 - + A^sin^x + O approximately 

and theroforo as 

jp a = P*£l + 3s cos ~ approximately, • , , (XL) 

wo have (XII) (see page 301), 

Going back now to (YI ), (VII.), and (VIII.), and attending to (X.), upo 
(XI.) in the first term of (VI) and the last term, of (VII.), neglect the 

variation of parallax and put x+ Q m tho small terms of (VI.), (VII.), 

and (VIII.), use (XU.) m the first terms of (VII ) and (VIII.), giving to A the 

respective values x-/ and ^4-^Cx—f/) > aa< * ct) Uect as m (IX.). wo find 

(XIII.), (page 301). 

To obtain tho corresponding expression for the moon’s equilibrium tide, 
substitute m tho preceding, h! for A., M for 8, F ior P, I for w, s' for e f o for 
if, D - v for 0, for w, /-f ► for /, and v for g : M denoting the 

moon's mass, v the right ascension of the asoending node of the moon’s orbit 
on the earth’s equator, J) the mean moon’s right ascension at the time of that 
transit ot Y across the meridian of Greenwich from which x (as stated above) 
is reckoned, w' the longithdls of tho moon's pongee, a the mean angular 
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velocity of tho moon’s radius vector, and s' the occentricity of hor orbit. With 
these explanations, it is better not to wnto out the formula, but rather to 
refer to (XIII ). But to complete tho harmonic expression of the lunar 
equilibrium tide, so far as practically useful, wo must include torms resulting 
from evoction and variation, Mr Roberts having, ill working out tho haimomc 
analysis of the Liverpool tides for tho Committee, discovered very sensible 
effects of these perturbations of the moon’s motion, and having thenceforward 
analyzed for them regularly in every case in which the data were sufficiently 
complete. Tho only term of (VI ), (VI f ), or (VI11 ) having evectional and 
variational constituents winch can bo sen^blo in North-Atlantic ports is tho 
chief somidmrnnl tido represented by the first term of (VIII ). For other seas 
than tho North Atlantic, tho cvcctional and variational constituents of tho 
two chief lunar diurnal tides ropicscntcd by the first and last terms of (VII ) 
may bo quilo sensible, but tt is not worth while at present to work out the 
equilibnum- values of these constituents , it is enough to give tho equilibnum- 
values of tho cvcctional and \anational perturbations of the chief semidiurnal 
tide, as it is only for these ofFecta of cvcction and variation that the reductions 
hitherto performed give the data for comparison with observation 

The theoretical expressions for the effects of cvcction and lauation on tho 
moon’s coordinates are — 


E\oction Variation 

On longitude . Jj 5 -sin[2{^' 4 -v — ^)—(<{> +v—vr')); L 1 ^ j sin 2(p'4*v — ^). 
On parallax . - e coa[2(<p' -f y —^) — (<p' 4- v — «r')J , cos 2{p'4- 


In thoso expressions substitute for <f>’ 4- v and <£ their approximate value*, 
ff x 4-J> and %+© 

y y 

use the results in tho first term of (YIII ) modified to suit the moon; and 
work out according to(XI)and(XII.), Thus we find, for the cvcctional 
and variational semidiurnal tides, the equation (XIV.), page 301. 


In I. and II. of tho following Tables, tho coefficient (R), speed (n), and 
epoch (t) of each of the simple harmonic terms of (XIII.) are given separately 
for convenience of reference. Table I, contains the values of these quantities 
for the coso of tho sun’s equilibrium tide, Table II thoso for the moon’s 
equilibrium tide, with the addition of the cvcctional and variational consti¬ 
tuents of the semidiurnal tides. 
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Tadle I 


1 = ] P 3 a=21 0746 (t being token m oontimetres) 

4 c 


14 

h 

i* 

No 

f 

ter 

R 1 

n 

6 


1 

-Vv 

0 

0 


2 

{K sin u> 

0 

0 


3 

iKo 

V 

l80°-O+» 


4 

jKsin 2 ut 

2, 

180°-20 

p 

5 

F sin u) cob 3 4 ut 

y ~i 

f+270°+2O 


( 

JF^sin j cos 3 bi 

y- ^ 

/ + 2’ T J°+ : tO-ro 


7 

4F 81 1 VJ 0 8 3 £ o 

y- *i 

/+ 90° + O+ro 


8 

P sin w sin 3 

y+2«? 

/+ J0°-20 

K 

9 

F sin D cos ut 

y 

/+ 90° 


10 

sin u) cos u) 

y+ n 

/+ >o — o + w 


11 

sin wcos ui 

y- n 

/+>0°+O-« 

S 

12 

-J 

2y — 2q 

^7+20 

T 

13 

IGe 

2y-h 

2'7+30— w 

R 

14 

\Qe 

2 y— i| 

: 

2jr+180°+O+« 


15 

4g( 

2(y+ ?) 

2g-2 0 

K 

18 

|G Bin’ w 

2 y 
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Table II 

T=^P‘ct=53 6045 


i{f 

N> 

of 

term 

k r 

f 


1 


0 



2 

|K mu 1 

0 



3 

±Ke 

ff 

1^0°- D+® 


4 

Bill' [ 

la 

ISO 2j>+2i 

0 

5 

F Bill I ( Ob 11 

y-la 

/+270 + 2]> -v 

Q 

( 

^EV bin I cos 41 

y — 

f\ 270 q 4* 1D — y — w 


7 

sin I cos 3 £1 

y— it 

y* 4~ ^ i) ~~ > -h‘W 


s 

I bin I sin 3 * I 

y + 2ff 

/+ D ) —2]) -hlv 

K 

0 

1 sin I cos I 

V 

f+ 90° + y 

T 

10 

1 Bin 1 cos I 

y 4- 

f ^ — D H~ > 4* w 


11 

4Fe sin I cos I 

y~ <r 

/+ 90°+ ]>+.—» 

M 

u 

i°(' + r I ) 

2(y- «) 


x\ 

]3 

}0p ( 1 +"' 1 ) 


2j+ 

1 

L 

14 

Jfl. ( 1+ “*‘)’ 

2y— or 

2/+180°+ D +«r 

i 

15 


2(y+ O’) 

2/-2J 

K 

10 

|(i 9in 3 1 

2y 

2/ + 2v 

X 

17 

t 

W"{' + 7 l )'l 

2y— <r — 2r) 

2</+lSO°+J>+20-» 

V 

! 

18 | 

loen. /l+eosIV, 

JJ \ 2 ) <T 

2y— 3ir + 2i} 

^ 2y+iJ»-iO+» 

B 

ID - 

.'/■ (-“70' 

4y-») 

i/+ O 

V 

20 

::°( I+ r7C) 

2 y— 2ff +»)) 

1 2/ + _<2 J — O) 

1 
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In tho following Tables (F) and (IF) the numerical values of E, so far as 
they can be calculated, and of n are given. Table (F) corresponds to Table 
(I.), (IF) to (III.) In Table (IF) two values of R bracketed together are 
given for each term—one for the mean maximum value of I, and tho other 
for the mean minimum value of I, These values of I aro taken as 28° 36' 7" 
and 18° 18' 31 ' respectively. ' 


Tabtk (F) 

T»|^P\t=24 6740. 


Distin¬ 

guishing 

Letters 

No 

of 

term 

R-T. 

n 

Speed in degrees 
per mean solar hour 


1 

-4K 

0 


2 

0396 K 

0 


3. 

•008335 K 

0410080 


4. 

•0396 K 

•0821372 

p. 

6. 

•3816 F 

14-0589314 


0 . 

•0224 F 

14 9178028 


7. 

■0032 F 

15 


8. 

•01644 F 

15-1232058 

i 

K. 

9. 

•3651 F 

16-0410686 


10. 

1 

•009185 F 

16 0821372 


11. 

•000185 F 

15 

S. 

12. 

•4595 O 

30 

T. 

13. 

•02097 O 

| 

29 9589314 

R. 

14. 

•003853 G 

30 0410080 


15. 

•0008534 G 

30 1042744 

K. 

16. 

•0396 G 

300821372 
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Tabl* (II'). 
T'-j“p»a= 53-6045. 


Bistm- 

gutihmg 

Letter* 

No of 
term 

R-T'. 

n 

Spoed m degrees 
per mean *olar hour 


l. 

-4K 

i 0 


2 


f 05729K 
[ *02467 K 

1 

0 


3. 


f 02745 K 
[ 02745 K 

0 5490105 


4. 


f *05729 K 
[ *02467 K 

1 0080330 

0. 

5. 


[ -4495 F 
[ 3062F 

13-9430350 

Q. 

0. 

. 

f *08037 F 

05883F 

13 3940191 


/. 

) 

•01234 F 
_ -008405 F 

14-4920621 


8. 


•02921 F 
•007951 F 

10*1391010 

K. 

9. 

1 

•4203 F 
-2982 F 

15 0410080 

J. 

10. 

1 

•03461 F 

02466F 

15-5900851 


11. 

i 

•03461 F 
•02466 F 

14-4920521 

M. 

12. 

1 

•4760 G 
•4408 0 

28-9841042 

N. 

13. 

r-091270 
\-084710 

28-4360877 

L. 

14. 

1 

•013040 

•01210G 

29-5331207 


15. 

{ 

•001802 G 

0003203 G 

31-1801702 

K. 

10. 

f 05720 0 
\ 02407 0 

30 0821372 

X. 

17. 

f -0009144 0 
\-00084880 

20-4509835 

V. 

18. 

f-0004000 
\ -006942 0 

28 5172249 

S. 

19. 

f -0003824 G 
\-00080840 

30-0000000 

h' 

20. 

f-0076470 
\ 007094 0 

27-9082084 


- ■> 
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Third Report of the Committee, consisting of Dr Bhunton, F.R.S , 

and Dr. Pye-Smitii, appointed to investigate the Conditions of 

Intestinal Secretion and Movement. 

i 

The first part of the ta^h of your Committee respected the comparative effect 
on intestinal secretion of various suits looally applied, and tho action of 
other drugs, either mingled with these or injected into the blood, m modify¬ 
ing their notion. This wits completed in our first "Report, in which wc gave 
an account of our experiments on tho local action of purgative salts, and 
stated that atropm has not tho same inhibitory effect on intestinal secretion 
Minch it has on that of the submaxillary gland. 

Secondly, wc ascertained last year that the same t{ paralj tie ” secretion which 
Moreau observed in dogs and rabbits occurs under similar conditions in cats , 
and, further, that tins effect is not produced by division of tho pneumoga&tuc 
nerves and cervical sympathetic coid, nor by section of the aplauchmas and 
spinal cord, and that all these sources of nervous supply may ho cut off, and 
both semilunar ganglia extirpated, without paralytic secretion following. 
We \entnrod to anticipate that tho inhibitory centie sought would be found 
in the smaller ganglia of the solar plexus Wc had also noticed that hypersemia 
or htemorrhago of the intestinal mucous membrane does not follow either upon 
division of the sphinchmcs or upon extirpation ot the lumbar portion of tho 
Bpinul cord, but frequently occurs when both these operations have been 
performed together 

This year join Committee have bueceoded in proving positively that tho 
conclusion they had readied by the method of exclusion jh correct, namely, 
that tho paralytic scciolion of Moieuu may ho produced by extirpation of the 
smaller ganglia of tho solar plexus, including thoso which are tound m the 
flupeuor meson tone plexus 

Wc have also ascertained that removal of thoso ganglia is rmcly followed 
by hypermnua or lurmorrhage of the intestinal mucous membrane. 

Thndly, turning to tho last section of oui investigation, tho movements of 
tho intestine, wo lmvo obtained fairly conclusive evidence that Jts peristaltic 
movement (in tho cat) is unaffected by irritation of tho dibtal end of tho 
divided splanthmcs, but is called forth by stimulation of their proximal part. 

The conclusions, then, to winch your Committee have been lod may bo 
thus summed up .— 

1 Application of various soda and potash salts to tho intestinal mucous 
membrano produces a more or less profuse secretion, that caused by sulphate 
of* maguesia, acetato of potash, sulphato of soda, and tartrate of potash and 
soda being most abundant, 

2. The presence (m the intestine or m the blood) of atropia, morphia, 
chloral, &c docs not prevont the above action of sulphate of magnosia. 

3. Tho secretory nerves of tho intestines have tho small ganglia of the 
solar and superior mesontcnc ploxuses for their centres, henoo socretion is 
unaffectod by section of the Bplanchmcs, tho vagi, or the dorso-lumbar part 
of the cord. 

4. Destruction of the lumbar part of the cord, after extirpation of the solar 
I plexus, produces hcemorrhage or hypcraomia of tho intestinal mucous mem- 
■ hrane, which is absent after division of tho splanchnios, destruction of the 
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semilunar ganglia and solar plexus, or division of tho mesenteric nerves 
themselves. 

5. The splanchnic nerves aro, ns usually admitted, tho vasomotor nerves of 
the intestines, but have no centrifugal fibres to their muscular coats, and 
can only nnliicctly affix ( them by diminishing then supply ot blood 

6 . Tho spliincliuiCH aro tho affoientnoncs which regulate poustalsis of the 
intestine, the liferent stimulus probably reaching its intiapaiictal gangliu 
tlirough tho lumbar cord and abdominal sympathetic. 

The following aie the details of tho expeliments made this year With 
those described m our two preceding Kepoit% they raako up a total of more 
than a bundled, as tho basis ot the above conclusions 

In the first series we continued and completed the expenments in our last 
Report, undeltaken to aseeitain tho nuvous ccntu*, separatum fiom which 
produces the “paralytic” secictum of Moreau Starting fiom tho ncgativo 
results with which wo cnmdudt d oui research last year, it will he seen that, 
of the tlmtcen cases m winch we removed tho bolar or tho bupcnoi mesenteric 
plexus, paralytic w'cretion resulted abundantly m Nos 1, 2, 3, and 13, w r hero 
both vvero removed Tho same effect was pioduccd m Nos 7, N, uud 10, 
where the splanehmes and semilunar ganglia weie left intact, and only the 
smaller (uifcnoi) ganglia of tho solar plexus, with the supenor mesenteric 
offset from if, woro excised In No 5, and also m No. 14, the painlyhc 
secretion was hkowiso present, though less abundant In four cases 
(Nos. 4, 0, !), and 11) them was little oi none, but in thieo ot these 
cases tho dissection, by which w f e vcrifhd in tath case the completeness of 
tho lcwon pioduccd, showed that the plexus had only been tom away from 
tho artciy without complete excision of its ganglia , and in No 11 the superior 
incsontenc plexus was simply cut at loss, so as to separuto it liom tho semi¬ 
lunar ganglia and splanehmes, with the supenoi pait ot tho solar plexus Thus 
tho negative lesults luue, like those of last y cat’s experiments, confirm 
our presont conclusions In No. 12 there was enough fluid found to 
till tho loop moderately, but tho rest of tho intestine was crapt\ dis¬ 
section did not show any defect m tho previous opeiation, nor had there 
boon hcomorrhago, diarrhoea, or sickness It will, however, be noted that in 
this experiment less timo had elapsed than in any of the others (2 instead of 
4, 5, or 0 hours), and this iact, taken with the observation of the most 
abundant secretion hauug followed tho longest period between the excision 
of tho plexus and the animal being killed (see No. 7), may perliups explain 
the scanty aecretion iu tins instance 

The concluding scries of expenimnts arc on a difficult subject, which has 
already engaged the attontion of Ludwig and his pupils, of Listen, Pflugoi, 
Wundt, Von Rasch, and other distinguished physiologists Whether wo are 
justified in tho conclusions which wc havo drawn w t o must wait for time to 
determine, and will only add that w o aro weil aw aro of the many possible 
fallacies which attend tho inquiry, as w ell as of tho conflicting results of 
previous investigators. 


P.8.—Since this Roport was presented (Glasgow, 1876), ono of us, who was 
fortunate in securing the roquisito Certificate from tho llomo Office, lias 
obtained fresh results continuing thoso of tho second senes of these experi¬ 
ments.—July 1877. 
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SUMMARY OF EXPERIMENTS •. 


Fibst Sf.hies. 


No 


Lesion 


3 * 


ExetMon of both semilunar gan¬ 
glia and of the superior mesen¬ 
teric plexus Two 4-ineh loops 
ligatured at beginning of je¬ 
junum and at end of Ileum 


Same as 1 Superior mesenteric 
artery accidentally wounded 
and ligatured Diarrhoea before 
endoioperation. Loopsempty 
before ligature 


Hours, 


4 * 


Same as 1 


Meson*one plexus alons excised 


Same as 4 Three 4-inch loops 
in jejunum , middle and lower 
ileum tied 


4 . 


3-4 


Result. 


Upper loop empty , mucous mem¬ 
brane dry Between the loops 
20 o o of mucus and serum 
without bile or blood, mucous 
membrane moist. Lower loop 
contained a little of the some 
Serous coat congested 
Oat vomited shortly before it was 
killed Peritoneal congestion of 
intestines Duodenum, mucous 
membrane congested, httraor- 
rhsge into the gut Upper 
loop, 5 o c. of pale opalescent 
fluidt. Between the loops 40 o o 
of similar hut rather thicker 
fluid, with a few streaks of blood 
which was accidentally mixed 
with it Lower loop, 8 c c of 
thin glairy fluid Mucous mem¬ 
brane congested throughout. 
Upper loop, 8 o o of bile-stained 
fluid Between loops, 46 o. o of 
turbid fluid. Lower loop, 8 o a 
of clear glairy fluid, Mucous 
membrane normal. 

AD the loops empty, except a tape¬ 
worm m the ileum, Mucous 
membrane pale [On dissection, 
it was found that the operation 
had been very imperfectly per¬ 
formed, so that the greater part 
of the plexus was intact] 
Duodenum partly contracted, with 
some fluid contents. Upper loop, 
7 o o of fluid. Middle, 6 o, e. 
with smaD tapeworm. Lower, 
4 b o (darker) and a tapeworm 
Intestine injected outride 
throughout, mucous membrane 
in upper loop injected, m the 
others normal. 


* The animals used throughout were cate, and the anaesthetic employed was chloroform, 
t Tin laboratory assistant, who had been a soldier in India, remarked that this fluid 
was just like the rioe-water stools be bad seen in cholera epidemics. 

} This oat was white, with grey eyes, and was deaf. 
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Tabu (continued). 


No. 

Lesion 

Hours 

Result 

6. 

Same os 4 

d^ ... . 

Upper loop, tapeworm and 
round worms Middle empty 
Lower, tapeworms Mucous 

membrane pale and bile-wtamed 
[The superior mesenteric plexus 
was found to have been only de¬ 
tached without excision ] 

7 

Same a* 4 

8 

Upper loop, a little clear fluid 
between loops, 52 o c of yel¬ 
low) nil, rather turbid and tena¬ 
cious fluid Lower empty Mu¬ 
cous metnbrano pale No worms 
Serous coat injected 

8 

Same as 4 Two loops tied , one 
m upper jejunum 8 in, the 
other in lower ileum 0 in 

6 

Uppei loop, 2l o c of turbid and 
blmid-stfuncd fluid, tapeworm 
end round worms liotween 
loops, 28 c o of similar fluid, 
no worms Lower loop, 22 c o 
of serous fluid , no worms Mu¬ 
cous membrane pale throughout, 
and viscera annrimc 

9 

Same u 4 

4 .. . 

Tlie whole intestine empty Mu¬ 
cous membrane dry < >ne small 
tapeworm Clot in peritoneum 
from oozing of a small vossel 
[8ome of the plexus was found 
only separated from the artery, 
but not destroyed 1 

10. 

Same m 4 One loop hed m lower 
ileum 18 in. Lacteal full 

4 ««««• 

Jojunum und uppor ileum (25 in ), 

27 c c yellow turbid fluid 
Loop 45 c o same fluid Mu¬ 
cous membrane rather pale 

No worms Congested exter 

nally, and serous effusion in 
peritoneum 

n 

Superior mesenteric divided 
from the solar plexus, but no 
ganglia removed 

3 . 

Negative result. 

12. 

Superior mesenteric plexus di¬ 
vided, and both eermlunur 
ganglia excised 

2 

Only a few c o of glairy fluid 
in tho loop 1 

13. 

Solar plexus excised Superior 
mesenteric artery isolated by 
excision of its plexus Three 
loops as in No 5, 

12 

. The cat was sick dui mg the night, 
and passed mucous stools Alter 
it was killed next morning there 
was no peritonitis found, hut ef¬ 
fusion of chyle from puncture of 
a lacteal during the operation. 
Upper loop filled with dark brown 
fluid Middle the same, hat not 
so abundant Lower, as upper. 
Mucous membrane pale, ffidema- 
tous, and covered with thin te¬ 
nacious mucus Two round 
worms and a tapeworm. 
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Second S rnihfi, 

14,—Cat under chloroform. Abdomen opened, and intestines exposed for 
o or 6 minutes to the air. No movement. The interrupted current from 
DuBoih Kcj moiul’s induction-coil iuis used in this and tlio succoodiqg ex¬ 
periments hit t iiodcs placed uudi i l*ft sphtmhnu Secondary coil at 25, 
no effect, at 15, doubtful, at 10, mpid umcmia of stonmh and small intes¬ 
tines and of a laigc mesenteric gland No movement Coil at 7. con¬ 
tinued anicmui, wluth now extend* d to the kidnejs, no movement, after 
removal of the irritation, the antenna continued and e\on mereased for a 
short time in the intestines, the kidneys jccovcring thou normal vascularity 
more quickl). 

After the intestines lmd regained their normal vascularity, the coil was put 
at 5, and the left splanchnic again irritated for , r > minutes The etfcct was 
the same, but much less decided th m before After the current was stopped, 
the intestines became lapidly hypenenuc Tho lintntion once moro nppliod, 
with the coil at 0, anaomm onlv ensued after 30 seconds No movement 
of tho intestines. Ton minutes later the cun out was applied to tho 
»vfht splanchnic with the seconduy coil at 25 no effect Coil moved to 
15. amcmia of stomach und intestines , slight movement, which had begun 
before tho first irritation, now ceased Cun cut stopped noinial vasculanty 
recovered, peristalsis began again, and became rather active, cechjmosis 
epparont under the tunic of the light kidnev 

Intestines at rest vascularity normal. Jtight splanchnic irntated with coil 
at lU. after two minutes, amemm of stomach and Homo coils of intestine 
Moved to 5, tho largo aitenos became evidently smaller, though the vascularity 
of the viscera was still only partially affected. After two minutes moro no 
movement 

The solar pie vus, including the semilunar ganglia, was now excised, and 
the sapci w) mesenteric a> ten/ isolated The intest ines wero somewhat hj per- 
ccmic, the kidneys normal, peristalsis lather active An upper and lower 
loop of 8 in each ligatuied as before Coil at 15 electrodes applied to both 
splanchmcs so as to irritate them at tho same time no amemia, movement 
slightly increased. Coil at 10 no antenna , movement considerably mcreasod 
Coil at 5 . active penstalsis of stomach and intestines, doubtful decrease of 
vascularity 

Tho left splanchnic was noxt divided, and the electrodes applied to its 
proximal end , with tho coil ut 25. The movomeuts which wero going on 
before continued active, while tho coil was moved to 15, 10, and 5. Slight 
ansemia appeared with the coil at 15, and did not increase. After tho 
current was stopped, tho intestines continued then movements, and quickly 
recovered a normal or perhaps slightly excessive vascularity. Fresh irrita¬ 
tion a few minutes later (of tho proximal end of the left splanchnic) produced 
no chango in vascularity or in movement of the intestine. 

The cat died several hours later without having vomited. The greater 
part of tho small intestine contained only a modcrato quantity of fluid, but 
the lower loop was filled wuth serum and thick white mucus. No worms. 
On dissection tho right semilunar ganglion and solar plexus adjacent were 
found to bo imperfectly removed otherwise tho operation had succeeded. 

15 J-Cat under chloroform. Abdomen opened and electrodes put on the 
left splanchnic , with coil at 25: no peristalsis, modcrato injection. Current 
on. at first apparent slight increase of vascularity, but when the ooil was 
moved to 15, pallor, with contraction of the branches of the superior mesen- 
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terie artery, became marked. No movement of stomach or intestines took 
place. 

3 0,—Cat chloroformed and put into a bath of *75 per cent, salt solution at 
)0° to 100° F., with the trachea opened so as to allow of complete lmmer- 
uon*. After electrodes had been put on both aplanchmcs, with the intestines 
at rest and moderately injected, the current was put on with a commutator, 
so as to pass through both nerves at once with the coil at 23, shifted after 
two minutes to 15, and then to 5 and to (), but without visible effect. 

17.—Cat chloroformed and abdomen opened. Intestines pale. Pregnant 
uterus No ponstalsis. Both splatuhnics dtuuhd Proximal end of rnjht 
irritated, with the coil <it 25 After two minutes the uterus began moving • 
on breaking the circuit this ceased gradually. The same occurred on applying 
the electrodes in the same way to the left splanchnic , the intestines still re¬ 
maining motionless and their injection not varying The narcosis was kept 
only moderately deep, the tail constantly moving At evory third or fourth 
oxpiration there was a strong contraction of the abdominal walls with relaxed 
diaphragm (effort at vomiting). 

Electiodes were then applied to (the proximal end of) both sphmihucs, 
ind tho current panned through both at once. Coil at 23 . no change * intes¬ 
tines drawn out from abdomen so as to bring the grcatoi part into view ; they 
wore motionless and moderately vascular. Coil at 15, current on* active 
pcnstalsis began, and soon sptead to all the small intestines , the uterus also 
moved as before; vuseul.iuty of tho Mbccia not altered After three minutes 
the current was stopped, and tho movements quickly ceased Repeated with 
the coil at 5 and at 10 no t (Tect w as pioduced, but general movements of the 
voluntary muscles ensued from escape of the current 

Tho animal was then placed m a bath of 75 per cent of salt solution nt 
about 00° F , arranged so us to cover the abdomen but allow of respiration, 
and both splanthnus were nutated with the coil at 10 no effect. 

Removed fiom bath no movement Left splanchnic (proximal end as 
before) irritated with coil at 15. After 30 seconds active peristalsis began 
in tho colon, tho uterus, and some folds of the small intestine Moved to 10, 
peristalsis appeared in iicsh folds, which ceased on stopping the current. 

Electrodes on mjht splanchnic* coil at 35. no movement Current on 
after a few seconds active peristalsis began in the stomach, spread to tho 
intestines, and by tho end of tho first mmute all iho small intestines were m 
movement, as well as tho uterus, tho colon not participating. Moved up to 
10, increased activity of motion, tho colon continuing quiet, and tho vascu¬ 
larity of tho viscera not affected, except as tho tight contraction of the gut 
produced transient pallor. On stopping the current, pcnstalsis ceased within 
two minutes 

The electrodes wero then applied to tho superior mesentericple.zux, which 
was isolated for the puqiose Coil at 15, current on slight movement 
oconrrod, but not constantly, tho \ nsculanty of tho small intestine was 
distinctly, though only moderately diminished. Applied to the renal plexus 
no change was visible, but aftef rcmo\al tho kidney increased in vascularity. 
Applied lastly to the nerves going to tho spleen, that viscus shrunk from to 
5 inches in length. 

18—Cat under chloroform. Both sphnehmes divided, and distal end of 
left placed on cloctrodos, tho intestines being awcmic and at rest. Coil at 
25, current on: after 00 seconds there was very slight and limited peri- 

* This precaution (in which wo followed Sander* Etn and Houckgecst) we found to 
he useless for tho object in view, nrul do uot recommend it to future investigators. 
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stalsis, but no other change. With the coil at 16 there waa no increment, 
but the intestines were more vascular than before, which may, however, have 
beon due to sponging with warm water to remove some blood. 

Experiment repeated with tho animal in the bath. There was then no 
change in vascularity, and no movement, except very slight peristalsis in a 
single coil. (This cat had suffered from haemorrhage, owing to the liver being 
bruised in restoring it by artificial respiration. The fact was disoovered after 
the animal was killed, and explained its feeble state during the experiments.) 

19.—Cat chloroformed. Both splanchnic* divided . Electrodes placed on 
proximal end of left i and the animal immersed m the bath at 100° F. There 
was at first active peristalsis, and after this had ceased, stimulation, with the 
coil at 25, produced no effect on tho vascularity or raovomont of the intes¬ 
tines Repeated out of the water there was still no movement, but the in¬ 
testines bocamo less vascular while tho current passod, and then somewhat 
hypermmic 

Stimulation of tho proximal end of tho right splaruhnie out of the bath 
produced active peristalsis The vascularity varied irregularly, and probably 
independently, with moderate injection after the current was stopped. 

Ou the left splanchnic being again irritated after an interval (with the coil 
still at 25), peristalsis, which had become very languid, was distinctly in¬ 
creased. Tho intestines bocamo pole during the strong contraction of each 
coil, but otherwise their vascularity was unaffected. 

Stimulation of the splenic plevus reducod the length of tho spleen from 3J 
to 3^ inches. 


Report of the Committee , consisting of A. Vernon Harcourt, Professor 
Gladstone, and Dr. Atkinson, appointed for the purpose of collect¬ 
ing and suggesting subjects for Chemical Research . 

Bbpobk entering upon the task of forming a list of subjects, the members 
of tho Committee took opportunities of discussing the question privately 
with othor chemists, and found in many cases considerable doubts as to the 
advisability of such a proceeding Instead, therefore, of at once inviting 
suggestions for research, tho Committee considered it desirable to ascertain 
the opinion of English chemists generally as to the feasibility of the proposed 
scheme. The following Circular was accordingly sent to about fifty chemists, 
who were either those of the highest offioial standing, or who were known 
to bo engaged in research:— 

“ British Association for the Advancement op Science. 

" April 24,1876. 

“ Dear Sib,—A t the last 
appointed, consisting of Mr , 1 
with power to add to their 
ree*»rch. 

'/When the matter was discussed by the Committee of the Chemical Section, 
at whose instance the above-named Committee was appointed, it was thought that 
a step might he taken towards the organisation of cnewioal inquiry by the for* 


Meeting of the British Association a Committee 
r emou llarcourt, Dr Gladstone, and Dr E, Atkinson, 
number, to collect and suraest subjects for chemical 
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mation and publication of a Lint of subjects to be suggested by the leading chomists 
of our own country, and, if possible, of other countries also, from wlncn younger 
chemists wishing to undertake a research might select a subject with the assurance 
that it was considered new and important 

“ It was thought also that such a list, however meagre and inadequate it might 
be at the outset, would tend to increase as soon as the plan became more widely 
known, and might ultimately, if chemists of other couutucs *ero willing to take 
part, become an important ioature in a general organization of chemical research 

“ A chemist undertaking the investigation of any one of the suggested subjects 
would send word to the editors of the list, and might be placed in commune 
cation with the chemist by whom the subjects as suggested Each issue of the 
list, which might bo republished at frequent intervals in some of the chemical 
journals, would stab' which subjects had wen already undertaken and by whom, 
and thus the waste of labour which sometimes occurs through simultaneous work 
on the same subject would be prevented. 

u It has, however, boon objected that chemists are not likely to be so prodigal of 
their ideas as such a scheme supposes, and may prefer keeping Iho subjects of 
research which have suggested themselves to their imnds for thoir own or their 
pupils’ investigation The answer to this ^ould seem to depend upon the answer 
to the general question, whether the supply of ideas or suggestions for research, 
existing in the molds of the leading chemists at the present day does or does not 
largely exceed the number of skilled hands at their disposal 

“Before, therefore, proceeding to mule you and others to suggest subjects to 
be placed upon the proposed list, the Committee arc desirous of learning whether 
in your judgment the scheme is likely to succeed, and whether, if the attempt to 
form such a hat is made, you would be willing to contribute to it, they would also 
be glad of any opinions in reference to tjie matter with which y on may favour 
them 

“ V 0 dear Sir, 

“ Yours faithfully, 

“AG Vkhnon IIaucouiit, 

“ J. II. Glaostonk, 

“ E. Atkinson ” 

“P S. Please address your answer, Dr. Atkinson, York Town, Surrey/’ 

To this Circular only eight written replica were received, of which four may 
be classed on favourable, namely, thoso from Mr. Abel, President of the 
Chemical Society, Prof. MiUb, Mr. Bolas, and Mr. R. Warington; three 
os adverse to the scheme, viz. from I)r. Joule, Mr, Hartley, and Mr. Groves, 
the latter embodying the views of Dr. Stenhouse; and one as doubtful from 
Mr. Buckton. 

Among the objections raised to the proposed scheme perhaps iho following 
have been the most general i— 

That suggestions for subjects of research would only be nooded by, or be 
useful to, students and beginners, and that such men would generally be under 
the guidance of Professors, who would provide them with subjects; that the 
suggestion of a subjeot is generally its least part, that what students really want 
is guidanoe and instruction in the art of investigation, that any ono who had 
originality and power to make a satisfactory research would also bo able to 
find subjects for himself, that facilities and in&tcnal appliances for research, 
together with the means of living for thoso thus engaged, were more pressing 
wants; that any one contributing suggestions for research would reserve for 
his own use the best of them, that is to say, those most likely to give im¬ 
portant and satisfactory results. 

Of the letters received, the Committee may perhaps givo tho following from 
Mr. Buckton and from Dr. Joule — 
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“Wy combo, Hoftlemert 

“ I believe that the result of chemical inquiry would be (creator and more 
important in nature it the suggestions made by jour Committco could be 
efficiently earned out I runs! confess, however, that my fears shape them¬ 
selves very much after tlio fashion expressed by paragraph 5 of youi Circulur. 

“Original workers, I believe, always nro under tho hope that eventually 
time and opportunity will present themselves, so that they will allow them 
personally to work out their brightest and most promising ideas. If this bo 
so, but few of such will find a place in the contemplated list. Again, hesita¬ 
tion might be fell amongst some lest tho most promising subjects should 
he negatived by the results of an inexperienced hand. 

“ Tho number of skilled hands m our laboratories is certainly larger than 
formerly, yet probably m this country latterly the harvest of original work 
has not been m due proportion to this number 

“ If so, tho steps proposed towards tho organization of chemical inquiry by 
Way of a list will, I think, he beneficial. 

“ Cl. Ik Buckion.” 

“ ManchMvr, May 4,1876. 

“ We know that the scientific faculty is of slow growth m tho case of any 
individual student lie becomes interested in a pmticular line of inquiry, 
and in pursuing it becomes fmthei into! estod by the acquisition of new facts 
The original inquiry will naturally ramitj, and there will bo a completeness 
about his woik and also nn accuracy which could not be expectod from that 
done as it w T eie to order 1 think, too, that tho mere suggestions of a research 
may tend to make it unpalatable to man} minds AVe know that mere sug¬ 
gestions ha\e m some instances been claimed as discovcnos On this account 
many would feel some delieacj in even suggesting an inquiry, nocesaanly 
accompanied by the suggestion of the expected result, Bimply bccauso itlookB 
liko a forestalling to some extent of tho merit of the actual labourer. 

“Then, in ordei to be in a position to suggest, a scientific man must havo 
mentallj woikod out the mothods and anticipated the icsults of tho proposed 
tram of investigation, and would doubtless prefer to work it out himself, or, 
at anj rate, to have the woik done by his pupils under his immediate super¬ 
intendence—first, because ho naturally wishos that full justice should be done 
to tho subject from Ins own point of \iew , and second, bicause ho considors 
himself to a ceitam extent in the light of a proprietor. 

“I do not think it desirable to use any extra stimulus to induce students 
to work. If their own tastes and abilities and information do not lead them 
to find a vein of knowledge and work it, tho application of such stimulus 
would probably result in tho accumulation of incomplete and erroneous rosults 
to the hindrance of real sciontifie ad\nnceniont 

“ James P. Jouj-E.” 

In order that the proposed scheme should bo successful it ought to meet 
with very general support. This has been far from being tho caiso, and there¬ 
fore the Committee have not thought it ad\ lsuble to proceed further in the 
matter. 
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MJSU IT \MOl T s C0MMI T M( MlONS TO THL MLJJLOAS 


tvL\ 11U:M UllS VM) PIllSKS 

Ad /ass / 1 f Piofcs*>r Sir \\ 1 li mi i iioms a, LL 1) , 1/ A , i It S , 7** * s*d*>rt 

i f tht S (ti n 

A row rus\ noN wJut ii 1 li id with Pul i Vwcnub >m *\ mug hist lime, ia 
riot ms rlLm> s druwm n i * in m th Souths mum Tnslituh n W ashmgton Iiaa 
Jonui mo to all m\ spun lliuivhtsi ui sime to IIojil him h picbh in of lbect s- 
mod and \utidi n assun m r tin »aitii a npid Hphiroulul shill hlhdwilh liquid 
Six w* t ks ag< , win u I land* l in J upland ail* i a most mb n sling tup to Aim nui 
and biuk and latum* puntuIUc list i* us that I mint li m tin hum ur t > addit ss 
Miuhni kdnx,! \Mslu Itxwril* in Vtiduss * 1 which w.inio in Vmcuui should 
la tin suhjtct 1 tunu hum indi*d,u\ill> impressed with much that I lmd 
y * u h th m thi On at J \hibitu n of Phil uh Inina and * ut oi it, sh mitig the truest 
biuut hi spurt and *h m ti n (li * ligm ilitx, tin ui\» ntixtm ss, the patient pcrscxL- 
ung tin rough uos i woik, tin ippuualmmss, ami tin n * mioua opui-nnmlednosa 
and aympdhy, Ik m winch tin gn at tliuigs * t suuiu com* 

OiX o X<y**i Arpittas 

0t\w<* K a< fioi qdtti 

I xvi&h I could 8pi ak to vow of the wtuan Ibniv, ^ nuoua mal oi Farada) in 
eh ctimnagm tic dwoven *>i INno, tin touudi r oi high math*main s m Vmtrirw, 
ot Bach*, and of tin spluidid horitn ** ht lias lelt to Vim rna ami to tht world m 
the United Sinks ( oist Sui\*v of tin gnat sihool of ash onem nwlmh followed 
- Gould, A* vvton, A* \u ml>, \\ hist n, ^ oung, Vlxmi ( lailt*, lint In riord, l)iaj>*r 
(fathei ami son) ot ( mmand* r lklknap ami Ins gu at exploration of tin Pacific 
depths by pianofoit*-wno with imp<rfo<t appiuatus Mjpphtu hum Glnugoxv, out of 
which he i tru d a succ* ss in Ins own wu\ it ( upturn Sigsl>*i who lollowed 
with liki fmoui and u. solution, nud made Imtlui lnqnovum ids in the appiuatus 
b> winch he 1 ms d mr maiulsol tasy quuk and huu deeps* a sounding m his 
little wuivi >ing-slnp*‘ Blake ’ and oi the admit able i lh*ml spiut xvhich makes sui h 
nun and stub doings p issibli n tin l nitid States Auxul s^ r \nt I would like to 
till you, too, oi m\ im « ns tor tontid* utly * .p*chug that Aim ru an lndrography 
will soon supply tin data fiom tidal xbs* nation** 1 my ago usktd ol our Goxun- 
ment m \ tin by a t ninmitta of lb* Bntish Assouution, by whuli th* amount of 
tin earths tlaslu yielding to tin dAtoitmg inUucnc* of sun ami n oni will bo 
imasuiid and ot my sti mg hope that tin LomptiHs Jhpmiimut ut th* Ximiuan 
>»avy will iepay the d*bt to I mine, 1 upland, and (unman), so appret latively 
acknowledged in then nprint ol the works ol Boissmq \nv, Viclubald Smith. 

187tt. 1 
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1 vans, and the Liverpool Compass Committee, bv gmng in return a fresh manne 
bun«y of torrcstr al magnetism, to supply the navigator with data for correcting 
lne company with >ut eights of sun or stais 

Cau 1 g > on to Prccttwiou ani Nutation without a word of what I saw in the 
Gr at 1 \hibiti m ol Pliilad Iphia r' In the TJ S Government part of it, Piofessor 
llilgard show id mt the moomnng rods of the U S Coast Sun ey, with their beau¬ 
tiful mechanical appliances tor cud measurement, hv which the three great base¬ 
lines of Maim I oi g Island and Otor r Jii wue measured with about thi same 
accurat v as the most nccuiale m k utihc nitoaurers, whether ot Luropc oi America, 
have attaintd in t impaling two mttri or >ard measures 

In the lulled States Uwgiapluc depoitmeut I saw and luard Lhsha Grave 
splendidly worked mt J letliic telephone actuallv at unding torn moHsagcs simul¬ 
taneously i n the Moise codi, an 1 thurlv capable oi dung ytt four times as many 
with un model a to linpiox ments )f detail, and I saw Ixfison b \utoniatic tele¬ 
graph delivering 1015 woids in 57 hi conds tlua done b\ the long neglected 
ehUrcM lunneal method of Bun long ago condemned in Lugland to the helot 
work oi i coid]ii n irom a rclav and tnen turned adult as needlessly doheate fn 
that In tilt ( umidmn 1>< puitmeut I heard ‘ lo be oi not to b< there b the 

rub thrmgh an eleitm teU graph wirt but, wormug monosyllables, tht electric 
uiticultttuu rost to higher flights, and gavt me passages taken at random from the 
New-^ oik n< wspi p< rs — SS ‘(\n has aimed* (1 failed to make out the 8 S 
» Cox ) 1 the 1 i ty of New \ork Scnatoi Morton , Ihe benatehas resolved to 
punt a thousand extra copns,* * ihe Aimncans in I ondou have resolved to 
ctlibratt the coming fouith of July All this mv own tars heard, spoken to me 
with unmistakable distinctness bv the thin urculir disk armature of gust such 
another little electiomagnet an this which 1 hold in my hand The woids were 
tdiouUd with ft clear and loud voue by my colleague judge, Professor \\ atson, at 
the fAr end of the telegraph-wire, holding his mouth close to a stretched membrane, 
such as vou hco before you here, cairymg a little piece ol Hoft iron, which was thus 
made to perform in the neighbourhood oi an electiomagnet m cncuit with the hue 
motions proportional to the sonunhc motions of the air Ibis, the greatest by far 
of all the maiveL of the electric teh graph, is due to a v oung countryman of our own, 
Mr Graham Bell, of 1 dinhurgh and Montieal and Bostou, now bcioniinga 
natuialized citizen of the L rated Stalls Mho can but admire the hardihood of 
inuntion which devised smh vtry slight means to rialue the mathematical con¬ 
ception that, if electucity is to couviv all the delicacies of quality which di¬ 
stinguish mticulftte speech, the strength ot its current must vary continuously and 
as ueailv as mav he in simplo propoition to the vtlocity of a pmticle of air engaged 
in const i tuting the sound t 

Ihe Patent Muaeutu of W aahingion (on institution of which the nation is justly 
proud) and the bemhcuit working of tht Unitid Slates patent laws deserve notice 
in the Section of the British Association conrerned with branches of science to 
which nine tenths of all the useful patvnts of the woild owe tlnur foundations 
I was much stiuck with the prevalence of patented inventions In the Inhibition 
it seemed to me that every good thing deseiviug a {stout was patented I asked 
one inventor of ft ver\ good imeution,“ Why don t you patent it in Fngl&nd*' ’* 
lie answered, “lire conditions m Lnglandare too onerous * We certainly are far 
behind America s wisdom in this respect If I urope does not amend its patent 
laws (England in the opposite direction to that pioposed in the Billa before the 
last two Bunions of Parlimmnt) America will speedily become the nnrsery of 
useful inventions for the world 

I should tell you also of “Old Pi oh a* weather-warnings, which coBt the nation 
250,000 dollars a year money well sjient Buy the western farmers, and not they 
alone, in this the whole people of the United States are agreed , and though Demo- 
ciats or Hopublicans playiyg the u economical ticket ” may for half a session s^op 
the appropriations for even the United-States Coast Survey, no one would tor a 
moment trunk of proposing to starvo “Old l J rob,” and now that 80 per cent of hit 
probabilities have proved true, and General Myers has for a month uack ceased to 
ly* d his daily forecasts “ probabilities ” and has begun to call them indications, what 
will the western farmers call him this time next year? 
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And the United-States Naval Observatory, full of the very highest science, under 
the command of Admiral Davis! If, to get on to Precession and Nutation, I had 
resolved to omit telling you that 1 lmd there, m an instrument for measuring pho¬ 
tographs of tho Transit of Venus shown me by Professor Harknesa (a young Scots¬ 
man attracted into tho Uni tod-States Naval Service), seen, for the first time man 
astronomical observatory, a geometrical slide, the verdict on tho disaster on board 
the * Thunderer/ published while I am writing this address, forbids me to keep any 
such resolution, and compels me to ] ut tho question—Is there in the British Navy, 
or in a British steamer, or m a British land-boiler another safety-valve so con¬ 
structed that by any possibility, at any temperature or under any stress, it can jam P 
and to say that if there is, it must be instantly corrected or removed 

I ought to speak to you, too, of the already venerable Harvard University, tho 
Cambridge of America, and of the Technological Institute of Boston, created by 
William Rogers, brother of my late colleague* in this University (Glasgow), Ilenry 
Rogers, and of the Johns Hopkins University of Baltimore, winch with its vouthfui 
vigour has tom Sylvestor from us, has utilized the genius and working-power of 
Roland for experimental research, and three days after my armal in Amenta wmt 
for the young Porter Poimer to mako bun a hollow , but he was on his deathbed, 
in New York, u begging his physicians to keep him alive just to finish his book, 
and then ha would be willing to go’' Of bin book, ‘ Th* rmodvnanucs/ wo may 
hope to see at least a pait, for much of tho manuscript aud good and able 
friends to edit it are left, but the appointment to a Fellowship in the Johns 
Hopkins University came a day too late to gratify his noble ambition 

But the stimulus of intercourse with American scientific men left no place in 
my mind for framing or attempting to frame a report on \merman science Dis¬ 
turbed by Newcomb’s suspicions of tho Girth’* irregularities as u time-kipper, I 
could think of nothing but precession and nutation, and tides and monsoons, and 
settlements of the equatorial regions, and meltings of the polar ice Week after 
week passed before I could put down two words which I could road to you hero 
today; and so I have nothing to offer you for my Address but 


Review of Evident regarding the Physical Condition of the Ea>th ■ its internal 
Temperature, the Fluidity or tiohdity of its interior Substance, the 
Rigidity , Elasticity , Plasticity , of its External Figure, and the Per¬ 
manence or Yariability of its Period and A ns of Rotation . 

The evidence of a high internal temperature is too well known to need any quo¬ 
tation of particulars at present. Suffice it to say that below the uppermost ten 
metres stratum of rock or soil sensibly affected by diurnal and annual variations of 
temperature there is generally found a gradual increase of tempera!uro downwards, 
Approximating roughly in ordinary localities to an average rate of 1° Oentigrade 
per thirty metres of descent, but uiuch greater in tho neighbourhood of active vol¬ 
canoes and certain o»her special localities, of comparatively small area, whore hot 
springs and perhaps also sulphurous vapours prove an intimate relationship to vol- 
cftnic quality It is worthy of remark in passing that, so far a* we know at present, 
there are no localities of exceptionally rnudl rate of augmentation of underground 
temperature, and none where temperature diminishes at any time through any con¬ 
siderable depth downwards below the stratum sensibly influenced by summer heat 
and winter cold. Any considerable area of the earth of, say, not less than a kilo- 
roetro in any horizontal diameter, which for several thousand v ears had been covered 
by snow or ice, and from which th^e ice had melted away and left an average surface 
temperature or 13° Gent., would, during 900 years, show a decreasing temperature 
for some depth down from tho surface; and 3000 years after the clearing away J>f 
the ice would still show residual effect of the ancient cold, in a half rate of aug- 1 
mentation of temperature downwards in the upper strata, gradually increasing to 
the whole normal rate, which would be sensibly reached at a depth of 000 metres. 

By a simple effort of geological calculus it has been estimated that P per 30 
metres gives 1000 ° per 30,000 metres, and 3.333° per 100 kilometres. This aihh- 
metical result is irrefragable 5 but what of the physical conclusion drawn from it 
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with marvellous frequency and pertinacity, that at depths of from 30 to 100 kilo¬ 
metres the temperatures are so nigh as to melt all substances composing the earth’s 
upper crust P it has been remarked, indeed* that if observation snowed any dimi¬ 
nution or augmentation of the rate of increase of underground tempmaturc in great 
depths, it would not be right to reckou on the uniform rate of 1° per 30 metres or 
thereabouts down to 30 or 00 or 100 kilomolresu “ But observation has shown 
nothing of the kind , and therefore surely it is most consonant with indlietive philo¬ 
sophy to admit no great deviation m any part of the earth’s snhd crust from the 
rate of increase proved b> observation as far as the greatest depths to which wo 
have reached ! ” Now I bav e to remark upon this argument that the greatest depth 
to which we have reached in observations of underground temperature is scarcely 
ono kilometre, and that if a 10-per-cent diminution of the rate of augmentation of 
underground temperature downwards were found at a depth of ono kilometre, this 
would demoTishate* that within the last 100,(XX) years the upper surface of the 
earth must have been at a higher temperature than that now found at the depth 
of one kilometre Such a result is no doubt to be found by observation in places 
which have been overflown by lava in the memory of man or a few thousand 
years further back, but if, without going deeper than a kilometre, a 10-per-cent 
diminution of the rate of increase or temperature downwards were found for the 
whole earth, it would limit the whole of geological history to within 100,000 
years, or, at all events, would interpose an absolute burner against the continuous 
descent of life on the earth from earlier periods than L00,(XX) jrars ago There¬ 
fore, although search m particular localities for ft diminution of the rate of aug¬ 
mentation of underground temperature iu depth* of less than a kilometre may he 
of intense interest, as helping n* to fix the dates of extm< t volcanic actions winch 
have taken place within 160,000years or eo, we know enough from thoroughly sure 
geological evidence not to expoct to find it, except in particular localities, and to 
feel quite sure that we shall not find it under any considerable portion of the earth's 
surface If we admit as possible any such discontinuity withm 900,000 years, we 
might be prepared to hud a sensible diminution of the rate at three kilometres 
depth, but not at any thing less than 30 kilometres if geologists validly claim as 
much os 90,000,(X30 of years for the length of the time with which their science is 
concerned Now this implies a temperature of 1000° Cent at the depth of .30 kilo¬ 
metres, allows something less than 200(1° for the temperature at (10 kilometres, and 
does not ream re much more than 40(X) 0 Gent at any depth however great, but does 
require at the great depths a temperature of, at all events, not loss than about 4000° 
Cent, It would not take much « hunying up * of the actions with which they are 
concerned to satisfy geologists with the more moderate estimate of 60,000,000 of 
years. This would imply at least about 3000° Gent for the limiting temperature 
at great depth* If the actual substance of the earth, whatever it may be, rocky 
or metallic, at depths of from (JO to 100 kilometres, under the pressure actually there 
experienced by it, can be solid at temperatures of from 3000° to 4000°, tlien we 
may bold the former estimate (90,000,000) to be as probable as the latter 
(60,000,000), so far as evidence from undn ground temperature can guide ue. If 
4000° would melt the earth’s substance at ft depth of 100 kilometres, we must reject 
the former estimate though we might still admit the latter; if 3000° would melt 
the suhstanco at a depth of 00 kilometres, we should be compelled to conclude that 
60,000,000 of years is An over-estimate. Whatever may ue its age, we wav be 
quite sure the earth is solid m its interior; not, I admit, throughout its wfcole 
volume, for there certainly are spaces in volcanic regions occupied by liquid lava; 
hut whatever portion of the whole mass is liquid, whether the waters of the ocean 
or melted matter in the interior, these portions are small in'comparison with the 
whole, and we must utterly reject any geological hypothesis which, whether for 
explaining underground heat or ancient upheavals and subsidences of the solid 
crust, or earthquakes, or existing volcanoes, assumes the solid earth to be a shell 
of 30, or 100, or 600, or 1000 kilometres thickness, resting on an interior liquid 
mass 

*jFor proof of this and following statements regarding underground heat, I refer to 
w f imlar Cooling of the Earth/’ Transactions of the Royal Society of Edinburgh, 1862; 
tod Thomson and Tait’s * Natural Philosophy/ Appendix D. 
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This conclusion waa first arrived at by ITopkina, who may therefore properly be 
called the discoverer of the earth’s solidity Ho was led to it by a consideration 
of the phenomena of procession and nutation, and gave it as Bhown to bo highly 
probable, if not absolutely demonstrated, by his confessedly imperfet t and tentative 
investigation Hut a rigorous application of the perfect hydrodynamics equations 
loads still more decidedly to the same conclusion 

I am able to say this to you now m consequence of the conversation with Pro¬ 
fessor Newcomb, to which I have already alluded Admitting fully my evidence 
for the rigidity of the earth trom the tides, he doubted the argument fiom preces¬ 
sion and nutation Trying to recollect what I had written on it fourteen voars 
ago in a paper on the “ Rigidity of the Eirth,” published m the Transactions of the 
Royal Society, niv conscience smote me, and I could only stammer out that I had 
convinced myselt that so-and-so and so-and-so, at winch I had armed by a non- 
mathematieal short cut, were true Ho limb'd that viscosity might suffieo to render 
precession and nutation the same as if tho earth were ngid, and so vitmto the 
argument for rigidity This T could not for a moment admit, any more than when 
it was first put forward by Delaunay Hut doubt onto red mv mind regarding the 
so-and-so and so-and-so , and I had not completed the night journey to Phila¬ 
delphia which hurried me away from our uniimshed discussion before I bad con¬ 
vinced myself that they were grievously wrong So now 1 must request us a favour 
that each one of you op going home will instantly turn up Ins or her eojpie 0 ot the 
1 Transactions of the Royal Society 1 for 1802 and of Thomson, and Tint s ‘ Natural 
Philosophy, 1 \o] ? , aud draw the pen through § § 2 Hi of mv paper on tho 
“Rigidity of the Earth ” in tho former, and through everything in §§ 847, 848, 849 
of the latter which refers to the effect on procession and nutation of au elastic 
yielding of the earth’s surface 

When those passages were wi itten I know little or nothing of vortex motion , and 
until mj attention was recalled to) them by Piofewir Newcomb I had never once 
thought of this subject in the light thrown upon it bv the theory of the qunai- 
ngidity induced in a liquid by vortex motion, which lias of late occupied me so 
much With this fresh light a little roiwideration sufficed to show mo that 
(although tho old obvious conclusion is of course true, that, if the inner boundary 
of the imagined rigid shell of the earth were ngoroush spherical, the interior liquid 
could experience no processional or nutational influence from tho pressure on ita 
bounding surface, Rnd therefore if homogeneous could have no precession or nuta¬ 
tion at all, or if heterogeneous only os much precession and nutation as would bo 
produced by attraction from without in virtuo of non-sphoncity of its surfaces of 
equal density, and therefore tho shell would have enormously moie rapid precession 
and nutation than it actually has—forty times as much, for instance, it the thickness 
of the shell is <40 kilometres) a ver> slight deviation of the inner surface of the shell 
from perfect sphericity would suffice, in virtue of the quasi rigidity due to vortex 
motion, to hold back the shell from taking sensibly more precession than it would 
give to tho liquid, and to cause the liquid (homogeneous oi heterogeneous) and the 
shell to have sensibly the wane processional motion os if the whole constituted one 
rigid body But it is onlv because of the very long period (2(>,000 year*) of pre¬ 
cession, in comparison with tho period of rotation (one day), that a very alight 
deviation from sphericity would suffice to cause the whole to move as if it wore a 
rigid body. A little further consideration showed me — 

(1) That an ellipticity of inner surface equal to — would be too small, 

but that an ellipticity of one or two hundred times ttiis amount would not be too 
small to compel approximate equality of precession throughout liquid and shell 

(2) That with an ellipticity of interior surface equal to if the precessional 
motion were 20,000 times os great as it is, the mofioti of the liquid would bo very 
different from that of a ngid mass rigidly connected with the shell 

(3) That with the actual forces and the supposed interior ellipticity of the 
lunar nineteen-yearly nutation might be affected to about five per cent of it« 
amount by interior liquidity, 
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(4) Lastly, that the lunar semiannual nutation must be largely, and the lunar 
fortnightly nutation enormously affected by intenor liquidity. 

But although so much could be foreseen readily enough, I found it impossible 
to discover ’without thorough mathematical investigation what might be the cha¬ 
racters and amounts of the deviations from a ngid body’s motion which the several 
cases of precession and nutation contemplated would present The investigation, 
limited to the case of a homogeneous liquid enclosed m an ellipsoidal shell, hns 
brought out results which I confess have greatly surprised me. When the interior 
elliptic ity of the shell is just too small, or the periodic speed of the disturbance just 
too great to allow the motion of the whole to be sensibly that of a ngid body, tho 
deviation first sensible renders tho precessionnl or nutational motion of the shell 
smaller than if tho whole were ngid, instead of greater, as I expected Tho amount 
of this difference bears tho same proportion to the actual procession or nutation as 
tho fraction measuring the penodic speed of tho disturbance (in terms of the period 
of rota!ion as unity) bears to the fraction measuring the intenor ellipticity of the 
shell, and it is remarkable that this result is independent of the thickness of the 
shell, assumed, however, to be small in proportion to the earth's radius Thus in 
tho case of precession the eflect of intenor liquidity would be to diminish the penodic 
speed of the procession in the proportion stated , in other words, it would add to 
the processional penod a number of days equal to tho multiple of the rotational 
penod equal to the number whosg reciprocal measures the ellipticity Thus, in the 
actual case of the earth, if we still take as tho ellipticity of the inner brundary 
of the supposed ngid shell, the effect would bo to augment by 300 days the pro¬ 
cessional penod of 2000 years, or to diminish by about ^ the annual precession 

of about 51", an effect winch I need not say would be wholly insensible But on 
the lunar nutation of 18(3 years period, the eflect of interior liquidity would be 
quite sensible; 18 0 >ears being twenty three timen 800 days, the eflect would be 
to dimmish tho axes of the ellipse which the earth’s pole deBcnbes in this period 
each by ^ of its own amount. The semiaxes of this ellipse, calculated on tho 
theory of perfect rigidity from tho very accurately known amount of precession, 
and the fairly accurate knowledge which we ha\e of the ratio of the lunar to the 
solar part of the processional motion, ore 9" 22 and 0" 80, with an uncertainty not 
amounting to one half per ceut on account of want of perfect accuracy in the latter 
part of data If the true values were leas each by ^ of its own amount, the dis¬ 
crepance might have escaped detection, or might not have escaped detection, hut 
certaiuly could be found if looked for Ho fur nothing can be considered as abso¬ 
lutely proved with reference to the interior solidity of the earth from precession 
and nutation; but now think of the solar semiannual and the lunar fortnightly 
nutations The penod of each of these is less than MOO days Now the hydro- 
dynamical theory shows that, irrespectively of the thickness of the shell, the nuta¬ 
tion of the crust would be zero if the period of the nutational disturbance were 

300 times the penod of rotation (the ellipticity being ~) t if tho nutational period 
were any thing between this and a certain smaller critical value depending on the 
thickness of the crust, the nutation would be negative; if the penod were equal to 
this second critical value, the nutation would be infinite, and if the penod were 
still less, tho nutation would be again positive. “Further, the 183 days penod of 
the solar nutation falls so little short of the cnlical 300 days that the amount 
of the nutation is not sensibly influenced by the thickness of the crust, ^s negative 
and equal in absolute value to (being the reciprocal of J^-l) times what 
the amount would be were the earth solid throughout. Now this amount, as 
calculated in the ( Nautical Almanac/ makes 0"*55 and 0"*51 the semiaxee of the 
ellipse traced by the earth’s axis round its mean position; and if the true nutation 
placed the earth’s axis on the opposite side of an ellipse having 0" 80 and 0"*81 for 
% f semiaxes, the discrepance could not possibly have escaped detection. But, lastly, 
think of the lunar fortnightly nutation. Its period is of 300 days, and iti 
amount, calculated in tho ‘ Nautical Almanac’ on the thee ry of complete solidity, U 
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such that tho greats semiaxis of the approximately circular ellipse described by the 
pole is Q"*032S, Were the crust infinitely thin this nutation would be negative, but 
its amount nineteen tunes that correHponding to solidity This would make the 
greater semiaxis of the approximately cm ular ellipse described by the pole amount 
to 19x0"*0885, which is 1" 7. It would be negative and of some amount between 
1" 7 and infinity, if the thickness of the crust were any thing from zero to 120 kilo¬ 
metres, This conclusion is absolutely decisive against the geological hypothesisof 
a thm ngid shell full of liquid 

But interesting m a dynamical point of view as Ilopkms’s problem is, it can¬ 
not ailord a decisive argument against the eirth’a interior liquidity. It assumes 
the crust to be perfectly slid mid unwelding in its figure This, of course, it cannot 
be, because no material is infinitely ngid , but, composed of rock and possibly of 
continuous metal m tin* greifc depths, may the ciust not, as a whole, be stiff enough 
to practically fulfil the condition of unyieldingness Y No, decidedly it could not; 
on the contrary, were it of continuous steel and 600 kilometres thick, it would 
yield very nearly as much as if it were india-rubber to the deforming influences of 
centrifugal force and of tho sun’s and moon’s attractions Now although the lull 
problem of procession and nutation, and, what is now necessarily included m it, 
tides, in a continuous revolving liquid spheroid, whether homogeneous or hetero- 
'geneous, has not vet been coherently woraod out, 1 think I see far enough towards 
u complete solution to say that pi occasion un^L nutations will be practically the 
same in it as in a solid globe, and that the tides will be practically the same as 
those of tlu equilibrium theory From this it follows that precession and nuta¬ 
tions of tho solid ciust, with the pnu tically perfect flexibility which it would have 
even though it were 100 kilometres thick and as stiff as steel, would be sensibly 
the same as if the whole earth from surface to centre were solid and perfectly stith 
Hence precession and nutations yield nothing to be said against such hypotheses 
as that of Darwin* that the earth as a whole takes approximately the figure due to 
gravity and centrifugal force, because of the fluidity of the interior and the flexi¬ 
bility of the crust liut, alas for this “attractive sensational idea that a molten 
interior to the globo underlies a superficial crust, its surface agitated by tidal 
waves, and flowing freely tow ards any issue that may here and there be opened for 
its outward escape” (os Poulett Scrope called it) 1 the solid crust would yield so 
freely to the deforming influence of sun and moon that it would simply carry the 
waters of the ocean up and down with it, and there would be no sensible tidal 
rise and fall of water relatively to land 

The state of tho ease <s shortly tins —The hypothesis of a poifoctly ngid crust 
containing liquid violates physics by assuming preternaturally ngid matter, and 
violates dynamical astronomy in the solm semiannual and lunar fortnightly nuta¬ 
tions ; but tidal theory has nothing to sav against it On the other hand, ths tide* 
decide against any crust flexible enougfi to perform the nutations correctly with 
a liquid interior, or as flexible as the crust must be unless ot preternaturally ngid 
matter 

But now thrice to slay the slain 1 suppose the earth thn* moment to bo a thin 
crust of rock or metal resting on liquid matter, its equilibrium would be unstable! 
And what of the upheavals and subsidences P They would be strikingly analogous 
to those of a ship which has been rammed—one portion of crust up and another 
down, and then all down. I may say, with almost perfect certainty, that whatever 
may be the relative densities of rock, solid and melted, at or about tno temperature 
of liquefaction, it is, I think, quit© certain that cold solid rock w denser than hot 
melted rock j and no possible degree of rigidity in the crust could prevent it from 
breaking in pieces and sinking wholly below the liquid lava. Something like this 
may have gone on*and probably did go on, for thousands of years after solidifica¬ 
tion commenced—surface-portions of the melted material losing heat, freezing, 
linking immediately, or growing to thicknesses of a few metres, when the surface 
would be cool and the wfiole solid dense enough to sink. “ This process must go 

* “ Observations on the Parallel Roads of Glen Roy and other parts of Lochaber in 
•Scotland, with an attempt to prove that they are of marine origin. Transactions of the 
Royal Society for Feb. 1690, p. 81 
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on until the sunk portions of crust build up from tho bottom a sufficiently close* 
ribbed Bkoleton or frame to allow fresh incrustations to remain, bridging across 
the now small areas of lava pools or lakes 

“ In the honeycombed solid and liquid mass thus formed thoro must be a con¬ 
tinual tendency for the liquid, m consequence of its leas Bpocitic gravity, to work 
its way up * wheLher by masses of solid tailing from the roofs of vesicles or tunnels 
and causing earthquake-shocks, or by the loof breaking quite through when very 
thin, so as to cause two such hollows to unite or the liquid of any of them to flow 
out freely over the outer surln.ce of tho earth, or by gradual subsidence of the solid 
owing to the thermodynamic melting which portions of it undor intense stress 
must experience, according to my brother a theory The rosults which muat follow 
from this tendency seem sufficiently great and various to account for all that we 
learn from geological evidence o( earthquakes, of upheavals and subsidences of 
solid, and of eruptions of melted rock ”* 

Leaving altogether now the hypothesis of a hollow shell filled with liquid, we 
must still face the question, how much does the earth, solid throughout, oxcept 
small cavities or vesicles filled with liquid, yield to the deforming (or tide-gene¬ 
rating) influences of sun and moon ? This question can only be answered by obser¬ 
vation A single infinitely accurate spirit-level or plummet far enough away fiom 
the sea to be not sensibly affected by the attraction of the using and falling water 
would enable us to find the answer Observe by level 01 plummet the changes of 
direction of apparent gravlty relatively to an object rigidly connected with the 
earth, and compare these changes with what they would be weie tho earth perfectly 
rigid, according to the known masses and distances of sun and moon. The dis¬ 
crepance, if any is found, would show distortion of the earth, and would aflord data 
for determining the dimensions oi the elliptic spheroid into which a non-rotating 
globular mass of the same dimensions and elasticity as the earth would lie distorted 
by centrifugal force if set in rotation, or by tide generating influences of sun or 
moon The cfleet on the plumb-lino of the lunar tide-generating influence is to 
deflect it towards or from the point of the hon/on nearest to the moon, according 
as the moon is above or below the horizon The effect is zero when the moon ia 
on the horizon or overhead, and is greatest in either direction when the moon is 
4fi° above or below the honzon When this greatest value is reached, the plummet 
is drawn from its mean position through a space equal to —of the length of 

tho thread No ordinary plummet or spint-lev el could give any perceptible indication 
whatever of this eflect, and to measure its amount it would be necessary to be able 

to observe anglefl as small as of the radian, or about * fa*' Siemens’s 

beautiful liydrostatical multiplying level may probably supply the means fordoing 
tlus. ‘Otherwise at preseut no apparatus exists within siualf cumpass by which it 
could be done A submerged water-pipe of considerable length, say 12 kilometres, 
with its two ends turned up and open, might answer Suppose, for example, the 
tube to lie north and south, and its two ends to open into two small cisterns, one 
of them, tho southern for example, of half a decimetre diameter (to escape disturb¬ 
ance from capillary attraction), and the other of two or three decimetres dinmeter 
(so as to throw nearly tho whole nse and fall into the smaller cistern) For sim¬ 
plicity, suppose the time ot observation to be when the moon’s declination is zero. 
The water in the smaller or southern cistern will rise from its lowest position to 
its highest position while the moon is rising to maximum altitude, and fall again 
after the moon crosses the meridian till she sets, and it will nse and fall again 
through the same range from mooneet to moon rise If the earth were perfectly 
rigid, and if the locality is m latitude 45°, the nse and fall would be half a milli¬ 
metre on each side of the mean level, or a little short of half a, millimetre if the 
place is within 10° north or south of latitude 45°. If the air >vere so absolutely 
quiescent during the observations as to give no varying differential pressure on 
the two water-surfaces to the amount of ^ millimetre of water of mer¬ 

cury, the observation would be satisfactorily practicable, as it would not be difficult 
> 1 

* * "Secular Cooling of tbe Earth, H Transaction! of the Boyal Society of Edinburgh. 
1862 (W Thomson),and Thomson andTait’s ‘Natural Philosophy,* g§ («), iff ). 
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by aid of a microscope to observe the rise and fall of the water in the smaller cistern 
to of a millimetre; but no such quiescence of the atmosphere could be expected 
at any time, and it is probable that the variations of the water-level due to difference 
of the barometric pressure at the two' ends would, in all ordinary weather, quite 
overpower the small effect of the lunar tide-geuerating motive. If, howo\er, the 
two cisterns, instead ot being open to the atmosphere, were connected air-tightly 
by a return-pipe with no water in it, it is probable that the observation might be 
successfully made but Siemens's level or some other apparatus on a similarly small 
scale would probably be preferable to any elaborate method of obtaining the result 
by aid of veiw long pipes laid in the ground ,* and I have only called \our attention 
to such an ideal method as leading up to the natural phenomenon of tide*. 

Tides in an open canal or lake of 12 kilometres length would be of just the 
amount which we have estimated for the cisterns connected b y submerged pipe, 
but would be enormously more disturbed by wind and variations of atmospheric 
pressure A canal or late of 240 kilometres length in a proper direction nnd in a 
suitable locality would grv c but 10 millimetres me and fall at each end, an effect 
which might probably be analysed out of the much greater disturbance produced 
by wind and differences of barometric pressure, but no open liquid le\el *hort 
,of the ingma amto), the ocoau, will probably be found so wolf adapted as it 
for measuring tne absolute value of tho diituibame produced on terrestrial 
gravity by the lunar and solar tide-generating motn e But obser\ ations of the 
diurual and semidiurnal tithi# in the ocean do not (as they would on smaller 
and quicker levels) suffice for this purpose, because their amounts differ enor¬ 
mously from the eauilibnum-values on account of the smallness of their periods 
in comparison with the periods of any of the gra^e enough modes of fiee 
vibration of the ocean as a whole. On the other baud, the lunar fort¬ 
nightly declinations! nnd the lunar monthly elliptic And tho solAr semiannual 
and annual elliptic tides have their periods so long that tboir amounts 
must certainly bo \ ery approximately equal to the equilibrium-values. But there 
are large annual and semiannual changes of sea-level, probably both differential 
(on account of wind and difference# of barometric pressure and differences of 
temperature of tho water) and absolute, depending on rainfall and the melting 
away of snow and return evaporation, which altogether swamp the small semi¬ 
annual and annual tides due to the sun’s attraction. Happily, however, for our 
olgect there is no meteorological or other disturbing cause which produces periodic 
changes of sea-level in either the fortnightly declinational or the wontlily elliptic 
period; and the lunar gravitational tides in these periods are therefore to be care¬ 
fully investigated in older that wo may obtain the answer to the interesting ques¬ 
tion, how much does the earth as an elastic spheroid yield to the tide-generating 
influence of sun or moonP Hitherto in the Bntisu-Association Committees 
reductions of Tidal Observations we have not succeeded in obtaining any trust¬ 
worthy indications of either of these tides. The St.-Qeorge’s pier landing-stago 
pontoon, unhappily chosen for the Liverpool tide-gauge, cannot be trusted for such 
a delicate investigation; the available funds for calculation were expended before 
the long-period tides for Hilbre Island could be attacked, and three year# of Kur- 
r*chee gave our only approach to a remit. Comparisons of this with on indication 
of a result of calculations on West Hartlepool tides, conducted with the awdst- 
aaee of a grant from the Royal Society, seem to show possibly no sensible yield¬ 
ing, or perhaps more probably some degree of yielding, of the earth’s figure. The 
absence from all the results of any indication of a 18 0 yearly tide (according to 
the same law as the other long-period tides) is not easily explained without 
assuming or admitting a considerable degree of yielding. 

Closely connected with the question of the eaith'a rigidity, and of as great scien¬ 
tific interest and of even greater practical moment, is the question, How nearly 
accurate is the earth as a timekeeper ? and another of, at all e\ enta, equal sciehtiflc 
interest, How about the permanence, of the earth’s axis of rotation P 

Peters and Maxwell, about 3d and 26 years ago, separately raised the question. 
How much does the earth's axis of rotation deviate from being a principal axis of 
inertia t and pointed out that an answer to this question is to be obtained by 
locAd^for a variation in latitude of any or every place on tho earth's surfcce to a 
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period of 300 days The model before von illustrates the travelling round of the 
instantaneous axis relatively to tho earth in an approximately circular cone whose 
axis u the principal axis of inertia, and relatively to space in a cone round a fixed 
axis. In tne model the former of these cones, fixed relatively to the earth, rolls 
internally on the latter, supposed to be fixed in space Peters gave a minute investiga¬ 
tion of observations at Pulkova in the years 1841-42, which seem to indicate at that 
time a deviation amounting to about ^V' of the axis of rotation from tho principal 
axis. Maxwell, from Greenwich observations of the years 1831-64, found seeming 
indications of a very slight deviation, something less than half a second, but differ¬ 
ing altogether in phase from that which the deviation indicated by Peters, if real 
and permanent, would have produced at Maxwell’s later time. On my begging 
Professor Newcomb to take up the subject, ho kindly did so at onooj and undertook 
to analyze a senes of observations suitable for the purpose which had been made in 
the United-States Naval Observatory, Washington A few weeks later I received 
from him a letter referring me to a paper by Dr. Nyaen, of Pulkova Observatory, 
m which ft similar negative conclusion m to constancy of magnitude or direction 
in the deviation sought for is armed at from several series of the Pulkova obser¬ 
vations between the jears 1842 and 1872, and containing the*following statement 
of his conclusions : — 

** The investigation of the ten-month period of latitude from the Washington 
prime vertical o been at ions from 1882 to 1807 is completed, indicating a coefficient 
too small to be measured with certainty The declinations with this instrument 
are subject to an annual period which made it necessary to discuss those of each 
month separately. As the senes extended through a full five year*, eAch month 
thus fell on five nearly equidistant points of the period If v and y represent the 
coordinates of the axis of instantaneous rotation on June 30, 1804, then the obser¬ 
vations of the separate months give tho following \alues of x and y *— 


January 

X. 

. -ft 30 

Weight 

10 

V • 

4*0*32 

February . 

—0*03 

14 

+0*09 

March 

. +017 

10 

+0 10 

April .. 

May . 

. . +044 

5 

+0*05 

.. +008 

10 

+0*02 

June . 

. . -o-oi 

14 

-0*01 

July .. . 

. . -005 

14 

000 

August ... 

-024 

14 

+0 29 

September 

. . +0 18 

14 

+0*21 

October ... 

. . +0 13 

14 

-0*01 

November 

+0 08 

17 

-0*20 

December 

-0*08 

10 

-008 

Mean , 

001 ±0-03 


+0*05±0*03 


“ Accepting these results as real, they would indicate a radius of rotation of the 
instantaneous axis amounting, at the earth’s surface, to 6 feet and a longitude of 
the point in which this axis intersects the earth’s surface near the North Pole, such 
that on July 11.1864, it was 180° from Washington, or 103° east of Greenwich. 
The exoess of the coefficient over its probable error is so slight that this result 
cannot be accepted os any thing more than a consequence of the unavoidable 
errors of observation.” 


From the discordant character of these results we must not, however, infer that 
the deviations indicated by Peters, Maxwell, and Newcomb are unreal On the 
contrary, any that fall within the limits of probable error of the observations ought 
properly to be regarded as real There is, in fact a vera couma in the temporary 
changes of sea-level due to meteorological causes, chiefly winds, and to meltings of 
ice in the polar regions and return evaporations, which seems amply suficMt to 
account for irregular deviations of from J" to of the earth’s instantaneous aids 
torn the axis of maximum inertia, or, as I ought rather to say, of the axis of 
maximum inertia from the instantaneous axis. 

As for geological upheaval* and subsidences, if on a v«ry lugs scale of area, 
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they tax i»t produce, on the period and axis of the earth’s rotation, effects comparable 
with those produced by changes of sea-level equal to them in vertical amount. 
For simplicity, calculating 1 as if the earth were of equal density throughout, I find 
that an upheaval of nil the earth’s surface m north latitude ana east longitude and 
south latitude aud west longitude with equal depression in the other two quarter*, 
amounting at greatest to ten centimetre^ aud graduating regularly from the points 
of maximum ele\ation to the points of maximum depression in the middies of the 
four quarters, would shift the earth’s axis of maximum moment of inertia through 
1" on the north Hide towards the meridian of 90° W. longitude, and on the south 
side towards the meridian of 9(F E longitude. If such a change were to take 
place suddenly, the earth’s instantaneous axis would experience a sudden shitting of 
but (which wo may neglect), and then, relatively to tho earth, would com¬ 
mence travelling, in a period of 300 days, round the fresh axis of maximum moment 
of inertia The sea would be set into vibration, one ocean up and another down 
through a few centimetres, like water in a bath set aswing. The period of these 
vibrations would be from 12 to 24 hours, or at most a day or two , their aubsidence 
would probably be so rapid that after at most a few months they would become 
insensible Then a regular 306-daya period lido of 11 centimetres from lowest 
to highest would be to be observed, with gradually diminishing amount from 
century to century, as through the dissipation of eneigy produced by this tide 
the instantaneous axis of the earth is produally brought into coincidence with 
the fresh axis of maximum moment of inertia If we multiply these figures by 
8600, we find what would be the result of a similar sudden upheaval and sub¬ 
sidence of the earth to the extent of 300 metres Above and below previous levels. 
It is not impossible that in the very early airea of geological history such an 
action as this, and the consequent 400-metres tide producing a succession of deluges 
every 806 days for many years, may hate taken pluee, but it seems more pro¬ 
bable that even in the most ancient tunes of geological history the great world¬ 
wide changes, such as the upheavals of tho continents and subsidences of the ocean- 
bods from the genoral level of their supposed molten origin, took place gradually 
through the thermodynamic melting of solids and the squeezing (tut of liquid 
lava from tho intenoT, to which I have already referred. A slow distortion of 
the earth as a whole would never produce any great angular separation between 
the instantaneous axis and axis of maximum moment of inertia for the time being. 
Considering, then, the great tacts of the Himalayas and Andes, aud Africa and tho 
depths of the Atlantic, and America and the depths of the Pacific, and Australia, 
and considering further the elhpticity of the equatonal section ol the soa^level esti¬ 
mated by Capt. Clarke at about A of tho mean elhpticity of meridional sections 
of tho sea-level, wo need no brush from tho comot’a tall (a wholly chimoncal cause 
which con never have been put forward seriously except in ignorance of elementary 
dynamical principles) to account for a change in the earth’s axis , we need no violent 
convulsion producing a sudden distortion on a great scale, with change of the axis 
of maximum moment of inertia followed by gigantic deluges, and wc may not 
merely admit, but assert as highly probable, that the axis of maximum inertia and 
axis of rotation, always very near one another, may have been in ancient times 
very far from their present geographical position, and may have gradually shifted 
through 10,20, 80, 46, or more degrees without at any time any perceptible sudden 
disturbance of either land or water. 

Lastly, as to variations in the earths rotational period You all no doubt know 
how, in 1863, Adams discovered a correction to be needed in the theoretical calcu¬ 
lation with which Laplace followed up his brilliant discovery of the dynamical 
explanation of au apparent ardfeleration of tho moon’s mean motion shown by 
records of ancient eclipses, and how he found that when his correction w$* 

K " d the dynamical theory of the moon’s motion accounted for only about half 
observed apparent acceleration, and how Delaunay in 1866 verified Adams’s 
result and suggested that the explanation may be a retardation of the earth’s rota¬ 
tion by tidal friction. The conclusion is that, since the IDth of March, 721 b jo» y a 
day <m which an eclipse of the moon was seen in Babylon, commencing “ when one 

hout after her rising was fully passed,” the earth has lost rather more than 

2* 
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of her rotational velocity, or, as a timekeeper, is going slower by 11| seconds per 
annum now than then. According to this rate of retardation, if uniform, the 
earth at the end of a century ■would, as a timekeeper, be found 22 seconds behind 
a perfect clock, rated and set to agree with her at the beginning of the century. 
Newcomb’s subsequent investigations In the lunar Iheorv havo on the whole tended 
to confirm this result j but they havo also brought to light some remarkable ap¬ 
parent irregularities in tho moon's motion, which, if real, refuse to be accounted 
ior by the grav itat i onal theory without the influence of some unseen body nr bodies 
passing near onougli to the moon to influence her mean motion. This hypothesis 
Newcomb considers not so probable as that the apparent irregularities of the moon 
are not real, and are to be accounted for by irregularities in tho eaith’s rotational 
velocity If this is the true explanation, it seems that tho earth was going slow 
from i860 to 1802, so much os to havo got behind by seven seconds in these twelve 
years, and thou to have begun going faster again so as to gam eight seconds from 
1802 to 1872. .So great an irregularity as this would require somewhat greater 
changes of sea-level, but not many times greater than the British Association 
Committee’s reductions of tidal observations for several places in different parts of 
the woild allow us to admit to havo possibly taken place The assumption of a 
fluid interior, which Newcomb suggests, and the flow of a large mass of the fluid 
u from equatorial regions to a position nearer the axis,” is not, from what I have 
said to you, admissible as a probable explanation of the icmarkable acceleration of 
rotational velocity which seems to have taken place about 1802 , but happily it is 
not necessary A settlement ol 14 centimetres m the equatorial regions, with cor- 
responding rise of 28 centimetios at tho polos (which is so slight as to bo absolutely 
undiscovorable in astronomical obeervatoiles, and which would involve no change 
of sea-level absolutely disproved by reductions of tidal observations hitherto made), 
would suffice Such" settlements "must occur from time to time, and a settlement 
of the amount suggested might result from the diminution of conti lfugal force due 
to 160 ot 200 centuries’ tidal retardalion of the eaith’a rotational <*peed 


Mathematics. 

Sur lea Mouvements aperiodu/net dea Stf&thnes de Point* M itirieh* 

By M. Valevtino Cerbuti. 

A shoit communication referring to a system of points subject to their mutual 
action and to that of fixed exterior points. 


Sw hit Systernes He Spheres et lea Systcmes de Droitea, 

By ProfeBsoT Lnoi Chv.moka. 

Cette communication nv ait poui objet d’oxposcr uno methode pour transformer 
los congruences (syst^mes douolemcut infinis) de droites, contenuea dans un com¬ 
plete lin^aire donn6, de manuVe qu'fi choque droite de la congruence corresponds 
un point d’une surface, et vice-versa La m£thode rdsulto de la combinaison 
dea transformations de lVsnace i trois dimensions, exposes par l’auteur dana 
lea * Annnli di Matematica* (edrie 2*, tome 6 e ), avec la transformation, donate par 
MM. Noether ot Lie, d’un complexe lindnirc en Vespace ordinaire (point-eapaco). 
Buivant cette transformation, los plana de l’espace correspondent anx congruences 
ligdaires du complexe donnd qui contiennont une droite flxo; et aux autres congru¬ 
ences linf aires da radme complexe correspondent les spheres do Veepaoe ordinaire* 
La mdthode expoade dons la communication donne toutes lea transformations d'un 
complexe lindaire en Vespace ordinaire, telles qu’aux congruences lindaires con- 
tenant une droite fixe correspondent des surf ices d’un ordre donnd. En particulier, 
t robtient toutes lea congruences (non-Undaires, contenuea dana le complexe dozmd) 

t u! sont susceptiblea d’etre reprdeentdes aur un plan ( de manidre que cnaque droite 
$ la congruence ait pour image un point ddtennind du plan et que, yico-veW) 
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cheque point da plan correspond© 4 une droite unique do la congruence 81 l'ou 
transforme le plan par lea polaires rtfeipioques de Poncelet, los images des droites 
do la congruence ■wnont los droitcs du plan repr&entatif. 


On Gia/diical Interpolation and Integtation . 

By Geo Ran H. Darwin, M.A., Fellow of Trin, Coll., Cambridge* 

Suppose a number of points A, B, C, Ac. arc given on equidistant ordinates of a 
curve, and that it is desired to draw a curve through thorn Tina may bo best 
done by interpolating intermediate points Lot a , b , c, &*\ bj ordinates halfway 
between A and 15, B and ft, Ac. Join AB f BO, &c along tbo whole curve, and let 
tho ordmatoa a, 6 , c, Ac, intoisect AB, BO, CD, Ac. inf g, h y At* Join AC, BD, 
CE, Ac, and so on along tho whole cuive, and It t tho ordinates B, 0, D, Ac. inter¬ 
sect AC, BD, CE, Ac. in F, ft, II, Ac. Then tho rule for interpolating on tho 
oidmates a, h } e, Ac is —produce af to /, and make fl « \ BF ; pioduce by to m, 
and make ym = \ (JG, and so on. In can\ mg this out practicallv, several of the 
above lines need not actually be drawn 

This rule iuaY be proved fiom tie properties of the orcle of cmvature, which 
passes through three consecutive points, such as A, B, 0 It gives results correct 
as far as second differences. A slightly different result will bo obtained by working 
along the curve in tbo opposite direction * to obtain a better result work both ways 
along the curve, and choose tho points which lio halfway between tho disnepaut 
leadings. Tbo result ao given is correct as far as third differences 

In determining the approximate value of a definite mtegial it is often convenient 
to find a geometrical construction for giving a line proportional to the function to 
be integrated, and then to determine half a dozen \ allies of tho function. But tho 
question then arises ns to how the^e terms are to be combined, so os to give the 
required integral—whe thor by tho rules given by the calculus of finite differences, 
or by tho simpler rule of taking tho mean of the evtieiues and adding it together 
■with all tho rest, and multiplying by the common difloienco. Each ordinate or 
term la affected by tin error, and it may be that the thooietically best rule may give 
a higher probable erior to the result than tho more impel feet mle. If, for example, 
we have seven ordinates, each subject to a probable eiror c, Weddle's rule (soo 
Boole's Oalc. Fin Diff) would give a result subject to a probable orror 2 810 Ac, 
whilst the worse iule only gives a probable error 2 345 he, wbeie h is the common 
difference. It must thciefoie remain indeterminate whether moio is gained by n 
diminished probable error or by a better rule of quadratures. Tho question could 
only be determined by some knowledge of the auiouut of probable orroi of each 
ordinate, an 1 of the abruptness of tho cunature of tho curve*. 


On certain Detei'miaanU By J. W. L. (xLUHUhR, AI*A n F.B.8. 

^he author gavo the following losults 

L If P H denote the number of partitions of n into the elements 1, 2, 3, 4 .. 

repetitions not excluded, then 


p„= 

+ 1» 

—1, • , • , 

• , # , 

• » 



+L 

+ l, —L «* , 

* » • , 

• ► 



• , 

+1, +1, -1. 

* i * » 

• > 



• t 

• t +b 4-l» 

-1. • r 

* » 

• , .... 


-1. 

• » *1 “M» 

+1, -1, 

• i 

• . *• •• 


• » 

"ll • » *1 

+L *fL 

-1, 

•. 


-1* 

• i ~L * * 

• » +1* 


-1. 


* , 

-1. * , -1. 

• , « , 

+ h 

+1. 



* * , ...» 

sirs « s 

. ■* 

.... 


where the first column is 

* Jfce paper is printed *» (Afcuw in the 1 Messenger of Mathematics/ tel. ri. (January 
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+ J, + Ij 0, 0, - 1, 0, — 1, 0, 0, 0, 0, 4- 1, 0; 0, + 1, 0, 0, 0, 0, 0, 0, — 1, 0, 0, 0, 

- 1 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , + 1 , .... 

viz. between two unities of the same sign the numbers of zeros follow the law 
0,1, 2, 3, 4 ., , while the numbers of zeros between two unities of opposite sign 

follow the law 2, 4, 6, 8 ., , the second column is tho same as the first column, 

but lowered one line, and with — 1 ns the top constituent; the third column is the 
same as tho second line, bat lowered one lino, and with zero as the top constituent; 
the fourth column is the same as the third column, but lowered one line, and with 
zero as the top constituent, and so on 
For example:— 


I > g = ( 4'l, —1, • 

, + 1 , +1 




which is right, since 3«l + l + l«al+2. 

II. If V'W the sum of tho divisors of n t then 

*(»)* 


4-1, 

-1, 

• 

« , 

• » 

• , 

• i t * • • 

4*2, 

4-1, 

-1, 

• . 

• , 

• . 


• t 

+1. 

4*1, 

-1, 

• , 

• , 

• i ,» # t 

• , 

• , 

+ 1, 

4-1, 

-1. 

• , 


-6, 

• , 

• . 

4-1, 

4-1, 

-1, 


* , 

-i. 

* , 
-1, 

• 

4-1, 

4-1, 

»- lj • * * 

-7, 

• • 

• . 

• , 

4-1, 

4-1, 

.. . 

. 

.»• 

■ • 

. 

• • « « 

»• • 


(n rows) 


where all the constituents remain as before, except those in the first column, in 
which the rth constituent appears multiplied by r. Thus the non-zero constituents 
in the first column are the pentagonal numbers, of the form W3»4-l). 

For example 


4(3)= 


tthich is right, since ^(3)«1 + 8= 
III. Consider the determinant 


V- 


+ 1 . - 1 , 

+2, 4-1, 

•» 4-1, 

■4. 


-1 

+1 


=4 


2, 

3, 

4, 5, 

«, .. 

1, 

• t 

2, •, 

3, .. 

• , 

1, 

* , •, 

2, . 

•, 

• , 

1, •, 

•• •• 

•, 

• , 

1, 

•. •• 

•, 

•, 

• , • | 

x. .. 

* • 

• • 

• » I • • 

• • 


... n 


(n~ 1 rows) 


wherein the top line contains the natural numbers beginning with 2 and ending 
with n ; the second line is obtained by dividing the constituents of the top line by 
2, and entering the quotient or zero according as each constituent is or Is not dlvi- 
sible by 2; the third line is obtained by dividing the constituents of the top line by 3, 
and entering the quotient or zero according as each constituent is oris not divisible 
by 3, and so on. 

Then V«0 if h is divisible by any squaie factor, and V«(-)"+ N » if n i» & simple 
product of prime factors; m. afiy ..,. where a, 8, y ..,, £ are different primes, 
and N denotes the number of prime divisors of ft, unity included. 

For example.— 

12, a, 4, b, flia=(-) #+ *e 

|l, •, 2, ♦, 3 

■ 1 > • # *, 2 

•, 1 *, • 

• i •» I» f 

1! 

which is easily tariffed. 
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On a Series Summation leading to an Kept estwnftn the Theta Function as t 
Dejtmte Integral By J W L Glaibhbr M A F RJS 

By mean* of the formula giving the resolution of 1+*" into it* linear factors 
and of the equation 

gin (fl-g) wn ( a±x ) _ f * \ f . r _It, ** \ 

555 l « a J l 1 "(«-»)»J l («+».f J 


it can be shown that 


{ 1 <«—M'} { 1 <«+2 *y } 

{■+£} (*w) {‘VlU 

m2 ^coaet, I\ P 3 1% lV-i if n be even 
2 ^coaet 7 ^ ^cosh — coa^^jp P g P # Y H 2 if n be uneven, 

r '”{ C ° Sh C7 em 7n)- COa l( a - XC ° B ^n} } 

x jco,h 

and eosli x mah. a are written aa uaual for the hyperbolic cosine and bine of u vu 
co»h suih x=i(6'—c ') 

Taking the logarithm and differentiating we have 


and 

where 


'2nx* 


{^"+a* 




1 


» 4 - 


}• 


* 8 +(a+2b)* n 

. 2 f{Q+Q,+Q. + Q_,}if»be 


even 


and 

where 


2w 

T 


fiiuh — 


cosh 


2^F~ "ZTi+Q +Q ° + Q *~ 3 


T’ W T 


> if n be une^ en, 


t m ^ ^ (-r gm s ~ c ° s z a i ° t (“~ j °°*s 

cogh «m g) - coa if (*“* 003 £) 


■ 8U> in 8in ^ Pr * 11 £)+“"£ “* f ( a+x 


UdAg tie integral, 

4X^ 


_ » •* 


I w« 
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we lift^o 


"*«f {Q + Q,+ Q, -)-Q„_i }sin(c"a: )dx if it bo even, 



smh 


2rr x 


, 2iix 2n t 

cosh -j-cos—j— 

b b 


+Q +Q S + Q 


sin(e\i )dx if « 1 fl 
uneven 


The exponent* on tho left hmd side are always to be numerically negative, mz 
they should b* written - V {<" «’ } Vic* («—&)’’}, &c Tho qu»ntitj c is redun¬ 
dant, and may be put < qual t > unity without loss of generality 
Putting it b 2 and e = 1 we hud tliat 


r 

wheiu 


+*> +u {/ (7> 7)+/ (?’ -7) J* 111 * Vu ’ 

o 

f ( v _smh ps/2- f-sin (p»/2+2q) 

J \P 9) “cosh jj/^ 2—cos l+'lq) 


Is w 


+ *-(*-«)* + C~(-N -J- &c ! 


Vl 


t* 

i ir» ~ a* ”jtj: 

1 + 2<r a cos 

a 

+2<r^cos^+&c 

a 


}• 


whence, tho notation being that of tho *1 undamonta No\a, it can bo shown that 

J 0 + +/<*>-*-i*r)}«n^*, 


ud Iheiefoio 


whole 


e(»)*\/(“) £ |/(«<>«)+/(•/, — w) J-sinfr#, 


G ® w «2K(*+K) 


Also it can ho shown that 


where 


e(j-) Vo £ {^o< »)+$( «*,-«)) cos fcH t 

A/p, g) ,» l gh jg V 2 -Bin ( pVi +ig) 

cosh jp V2—coe (p 


On PaiaUd Motion By W. Hayden 

In this paner the author noticed several oases of approximate three»Bar parallel 
mot*' §, founded upon certain numerical coincidences. 
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On Plane Cfubxcs of the Thud Class xoxih a Double and a St ijh Foots 
By Henhy M Jefflev, M A 

1 The classification of class-cubic* is simpler than of plane orilei cubica, because 
there are three real foci in eicb of the former, whereas two of the asvmptotes ot 
order cubica may b iinftgmfti\ 

The tlnee groups arnnged by the coincide neo of the foci lmvc been stated in 
the Transactions for 1875 mil the fluid gioup of sphonral cams ihtro sketched 
This group («p 3 =bo) has Ven tiUo fully considered in the ‘Quartuly Toumil of 
Mathematics for XS*"( , b th foi piano and splnncal class cubics with illustiativo 
diagrams lhc e two memoirs c ntain a complete classification of circular cubics 
by interpreting Tloothian ai ( irtcsian coordinate* 

2 In the classification of th second gioup {Kp J q = i ) th two foil will be con 
eidered fixed while the satilhti -p int Mines T liere is ft ccitain quartic curve the 
locus ot tho satellite pi mt wliui theie is a p int of mfi xi in in th/ curie if the 
Bfttelhte point is within tints cune there will ho three cutic lints or bitnngonts if 
it be on the curvo theio will bo one bunngent an 1 two oth is coinciding in a sta 
taanary tangent, if it fall bei cud the be unding cun c nlv one bitangent is pn*sibh 
The critic lines or bitang nts art the common tangents of threo pnalxlm whose 
fou are severall} the satellite-pi ml and the two fou of tho cubic 'Wlun these 
parabola) are diawn, tho bilangents aie obtained giaphieally 

The several cases of cubic* of this group will bo next consileud according to tin 
position of the satellite with lefeioneo to the boon Img turvo while all thiee points 
are finite, and subsc [uontly, w hen tho satellite point and tho foci arc, ono oi more, 
at infinity, also when tho three points aro collineai 

3 The group mav Ik thus represented —* 

up s=0, 

whore 4A a e=apF-f- i^Q-f a R, p. q } i are the curicnt line c ordinates, and P=///>— 
bq cos C — o cos B Q R have like valuta foi points at liihnitv, as tho quadrantal 
poles of the sides of A J 50 

Ihere are usually three critic lines, whose equations aro obtained by jaitml 
differentiation — 

«/>P*4d J (l) bqQ=2A\2) crR«-2A\l) 

Since the condition j)=q=*) s&tisfi s all these equations tho cutic lints must 
touch three parabolic, whoso foci are the veilices and whose axes mo the pupen- 
diculars drawn on the sides of the tuan^lo of rofauice, and, latcra icrta ore foui 
times, twice and six times its corrchponding altitudes 

Ihere ore three of these critic lines, ono of which is always leal 

4 The Cartesian equation to the bounding curve (§2) or locu* of the svklht - 
point, when there are stationary points m this gioup of class cubic* is 

%7y*++*y(~ 1 i ( 1 + 9*)(1 + i ^ 5 = 0 , 

or 

{27y l +18/(a:+l) a -C0^ + l)(^-hl; }('/ + 0=0 

The double locus is the orqnn, and tho f>eal distanco ou tlie <v axis is taktu as 
unity, a pwr of asymptotes is inclined to tho diameter at angles 4*30° 

The envelop of tho stationary tangent is a hyperbola, mid of"tin singlt (oue- 
with-twofold) bitangent is a cubic ot division V. whose double focus is at in 
fittlty^ 

6. Clasftificfttlon of the figures ofclass-cubics with doublo foci* 

I When tho satellite-point lies beyond the bounding quartic, there is one bitait- 
gent only 

The triangle of refereuco formed by the foci end the satellite-point is taken to be 

equilateral 

* The diagrams illustrating the critical and the companion curves according to these 
hme capital divisions, were exhibited at the Glasgow Meeting and are ready For pubh 
Hatton * 
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Let the cubic be thus denoted 

p*qm*r, 

The critical value (*3=5*1458) determines the bitan ffential cubic. The cubic is 
bipartite or umpartite, according as *;><<6*14i>8, equinarmonic if *wl*67 or — 17 > 
harmonic if **= — 15, 

There may be two real as} mptotea, since there is one bitangent in this division. 

II. When the satellite-point is on the bounding sextic. 

In this caso there are two critical values of the parameter, corresponding to the 
hi tangential and inflexional cubics, viz. 11*00 and 08. The curve is bipartite if 
*>11*00. 

III. When the satellite is inside the quartic, and is (I) not collinear, and (2) U 
collinear with the foci 

(1) There me three bitaugenta when *bs47 ( *07, *00 , For higher values of * # 
the curve is bipartite, betwoon 47 and 07, umpartite; then bipartite and below 
the bitangential cmve umpartite 

There may be four asymptotes. 

(2) Lot the cubic be thus denoted*— 

X(I+«)+(l+<*)(?+V)-<h 

There are two bitangents with real and imaginary contact, as is thus shown:— 
4+A(27^-18fc-60+4AVc«0. 

For the inflexional genus, the discriminant gives the condition 
Q4b\m(27c'-18bc-by' 

This may be resolved into twu factors.— 

(5—r) (5—0c) 3 . 

The first factor i ©solves the cubic into a point and a circle, the second factor indi¬ 
cates the cissoid, 

<Z+hty+b 4 (9+b$h*~0. 

The satellite-point in this case is tho apse in the quartic bounding curve. 

IV. If the satellite-point be at infinity (1) not collinear, (2) collinear, with the 
two foci 

(1) There are two bitangential or a single inflexional, or no bitangential form, 
according as the satellite lies within, upon, or beyond the quartic curve. One 
asymptote connects the double focus with the satellite; the other three concur in 
the point (£ * J), the polar conic of the lino at infinity degenerates into these 
points. 

(2) There may be two asymptotes, which unite in a bitangent, for ft special value 
of the parameter 

V. If the double focus in at infinity, (1) not collinear, (2) collinear with the 
tingle focus and satellite-point. 

The cubic has in all cases a bitangent, and for a particular value of the para¬ 
meter two bitangents coincide in a stationaiy tangent at a point of inflexion. The 
inflexional cubic in (2) is tho semicubical parabola 

VI. If the single focus is at Infinity (j) not colliueai, (2) collinear with the 
double focus and satellite, 

There are two bitangential forms, but no inflexions! case The reciprocals in (2) 
are Newton's defective hyperbolae, with diameters and double foci. 

VIL If the single focus and satellite-point are both at infinity. 

The curve is central and parabolic, with a cusp at infinity, but cannot have a 
bitangent Its single asymptote connects the double focus with the satellite, All 
cubics are equlharaonic of the form 

it is thug denoted in Boothian coordinates.— 

The reciprocal is Newton’s central epecies (88;. 



TRANSACTION* OP THE SECTIONS. 


10 


VIII. If the double focus and satellite-point are both at infinity. 

There is an inflexional form m all cases, as appears from the equation to the 
system.— 

xf+K+^xr+^*)=o. 

The reciprocal is a cuspcd cubic. 

TX. if the double and smglo focus are both at infinity. 

Tlio line at infinity is an ucu-bi tun gent m all cases, as is shown by tho equation 
to the system .— 

Xf\af+6-?) + (^+9 J )=0. 

0 To find the asymptotes of this group of clftss-cubica. 

Since the polar-point of an asymptote ( p, q t r) lies on it, and also is at an infinite 
distance, the coordinates of on asymptote must satisfy two equations — 


<#> » 0 ,. ( 1 ) 

aud that to the polai come of the line at infinity 

X J ,(2 !f1 - J .)+4^_0 > .(2) 

one of whoso foci, as we should anticipate, is the double focus. 

Tho four asymptotes touch a come, whoso foci are p= 0, 2</+/;=0. Ilonce also 

y(2g+p)="pq .(3) 


The elimination of r from (2) and (3) is a quartic equation lienee theie cannot 
be more than four asymptotes. Its discriminant is a factor of the discriminant of 
the ternary cubic (1) Two imaginary asymptotes always connect the double focus 
with tho circular points at infinity. 

If the satellite (which is always on the curve) be at infinity, its connector with 
the double focus is au asymptote. The extremities of two asymptotes may coincide 
in a bitangenl 

7. The eentro or polar point of the lino at infinity is on AD, tho connector of the 
foci, at the distance | All from A, tho double focus. AU touches the cubic in 0, 
DC touches it where it meets tho line (/9—*y«0). 


On Spherical Class-cables with Double Foci and Double Cyclic Arcs , 

By Henby M. Jeffery, M*A. 

1. This group may be denoted by Line coordinates, as in piano .— 

*P a ?+(6V)V«0, 

where 

( 0 V) ; =s 2 (a 3 p*— cos A), 

and the coordinates p 9 q , r denote the sines of the perpendiculars from the \ertices * 
ABC on a tangent arc, and generally the symbol* may donoto tho sines of arc* 
There are four cntic values of the parameter and four bitaugontiai iftluoa. By 
partial differentiation, for a critic value, 

2xp£+2rar®0 * up 1 ’ (OV)*+2rcli«0, 

wher* Vmap—bo cos C-cr cos*b; and similar expressions denote Q, R, the tine* 
coordinates of a tangent are referred to the polar triangle as one of reference. , 
These conditions for a bitangent may be thus written.— 

up P*(9V) a : 2 bqQm(W )': 2crR~-(6V)*. 

These equation* denote three spherical ellipse*, whose foci are in the several cases 
the points of reference A, B, O, and the corresponding point* of reference of the 
polar triangle of ABO. 
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2. There is a sextic bounding curve, the locua of the satellite-point, when there 
is a point of inflexion; this curvo is bipaitito with au oval. If the satellite is 
within the oval, four critical values of tho parameter v leld bitangontial fouus of the 
cubic) if the satellite is on tho oval, one inflexional and two bitangontial cubics; 
if the satellito is outside tho ov al, tvv o bitangontial cubics. Its equation, in Uudu- 
inann's coordinates, is 

{ (44’+*%'+ (4 +.t X6+a t 4*=27(& J + l)(.r' +,») { (t +4)'+^}'. 

If the two foci me a quadrant apart, & = oo , and the bounding soxtic becomes 

4i/+ i=0(x+f) i . 

3 All cubics with double foci have double cyclic arts, 

Let the line-equation to those cubics bo wnttcn 

3*tf a 6;rq+3o2(fl J ;> 3 — 26 cj<? cos A) =0. 

Its equivalent point-equation mSy be thus ananged — 

G++2£y cos A + y J ) { —12j8yV + 3*’(fl/3 V 2 - a Y + 27«-0’+18**0y cos A 
—cos C+33^9 Vcoa B)-f 12«[—/3’y — a/3 1 coalld-a 4 coa A — a*y cos C 
— Sa/Py cos C -}- ( — cos B-J-2 cos A cos C)a*£ -|- (cos A —2 cos 11 cos C) a a £ a 

— (1+2 cos’ C)a^y]} +12(0V) J ' { *%V+2« (~Fy - cosB 

■+ 4a a /t 1 cos A -f*3a a /3y 2a/iry COS CJ + (a i -b2a^3 cos C-f^ 2 ) 5 ^. 

But, if V denote the volume of the tetrahedron constituted by the centie of tho 
sphere and the angular points of the triangle of reference, 

(OV) 2 s=S(aV l +2&f£y cos a) 

* (aa+bft eosc-f-ey cos cos A+y 2 ), 

Hence if be a double focus, its quadrantal polar («a-H/9coec~cy cos6=0) is 
u double cyclic arc (See $ 7 ) 

Tho proposition seems to be susceptible of simple proof and of generalization. 

4. Ir a spherical curve have a multiple cyclic arc, it has at least a double focm. 
Let the triangle of reference be tnrectangolar (which assumption does not affect 

tho generality of the proof), and let tho quartic exhibit AB as a multiple cyclic 

gfC »_ 

<prt H i'(x'±y J +e 2 )x„=* 0. 

The terms may be thus grouped,— 

(* a +y a )Xm+^(^ , ^r+Xm)‘ 

In thin form the imaginary lines aie seen to meet AB in two coincident 

points I, J , the tangents at these points are these arcs Cl, C J . th**ir point of con¬ 
currence is therefore a double fofrus. This proof seems applicable onW to the case 
where the focus is the quadrantal pole of the cvclio arc, the points 1, J being in 
this case the shadows of the circular points at inftnity. 

The argument may be also thus stated. The two lines 

O ±y*«0) 

are common tangents to the curve, and to the imagiiuuy sphere y*-f t**o0) at 

their point of contact of a high order; their intersection is consequently a quadruple, 
or, if real values alone are considered, a double focus, and might De a multiple focus 
of a higher order. 

5. On equiharmonio or neutral cubics with double foci The cusps are collinear, 
and In this case S, an invariant of the cubic equation, «0 

(4 cos* A—3)**+2(coa A+3 cos B cos C+2 cos A coa*0)«+sm 4 0«0. 

TV fare two possible or coifwident or impossible cases, according to the value of 
the parameter. 
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The two values coincide if 


em 4 C(4 cos'A—3)« (cos A+S cos B cos 0+2 cos A cos 2 (')*, 
or 

(cot B+3 ooh a cottl) (cot D-feoa a cot C)+3 sinSflsO, 
the biangular equation to a conic. 

That is, tlic locus of tho double focua w hen the cusps oro collinenr, or the bound¬ 
ing cur\e, on either aide of which equihormomc values are or are not possible, is a 
spherical ellipse, whose cvclic arcs, real or imaginary, are perpendicular to the line 
connecting the singlo focus and satellite 

In piano the bounding line is thus denoted *— 

cot B+ 3 cot 0 s=0, or cos C = — -g 

The double focus is in a line, which cuts orthogonally the connector of the single 
foeua and tho HAtelhte. 

0. On harmonic cubics w itU double foci 
Tho invariant T=0 

cov A (9—8 cos 2 V)*' 1 -h J {(1—4 cos 7 A—0 coh ? B+3 coh ; (' — 8 cos' 1 A < os J C 
— l^cosAco^BcosOj-^-bOain 1 0 (cos A+.Sco&BctnC 1 +2 cos A ooh 5 0)*+ am 0 C—0* 


For even position of the foci and satellite* there is at least one value of the para¬ 
meter which "yields a harmonic cubic. 

7. On the discriminant of tho cubic. 

Equate « to zero in tho point-equation (§ 3), besides tho point of contact 
(/3—ryrcO), three tangential points are determined by the aggregate *— 

*y(£ a + 2£y cos A+y’)—0(0 a Bin’Bq-SfSy sin B sin C cos a+y'sin 2 f) 


Since the anharmomc ratio of the lines connecting the tangential points depends 
T J 

upon tho function C4——, the diberiminant of the ternary cubic is simply found 


from this binary cubic :— 

{Ok sin 1 B 4-(2* cos A-sin 2 C)(K—2 sin B sin Ceos a )}* 

+4{3 sm 5 B(2 k cos A — sm 1 C)+(k— 2 ain B sin C cos «) a } 

X { 3k(k— 2 sm B sm 0 cos a )— (2k co^ A - sin 2 0 ) a } =0. 

8. By dualising, this investigation is equally appheablS to ordcr-cubics with 
double cyclic arcs and double foci. 


Jietnmi of Researches on the Inverse Problems of Moments of Ineitia and of 
Moments of Resistance . By Professor Giuseppe Juno (Milan), 

In tbo study of the resistance of materials an l the lability of constructions, tho 
two following problems continually present themselv ca — 

I. To construct a plane figure (for example, the cross-section of a cylinder loaded , 
in a given manner) of which we may suppose given tho orientation, the form, tho 
centre of gravity, and also the moment or inertia with respect to a given neutral 
axis. 

IL To construct a piano suction, givox tho orientation, tho form, the centre of 
gravity, and also the moment oftemftmee # with icqjeet to a given neutral axis 

* If • is an element of a plane auction F, and y be the distance of the baryoenlre of « 
from «a axis * measured in the direction X (\ being a straight lino making any angle with 
thi aids or), then the moment of inertia of F with respect to j in the dircctJoivX is 
tho X extending over the oontour of F. 

If, besides, v is the distanco (measured parallel to X) of the barveentre O of F from the 
tangent to F parallel to x anti furthest removed from 0, then ifie momont of resistance 

jpf F with respect to a b&rycentno axis x t in the direction X, is defined to be tho ratio «■ 

In fat, if wo multiply (his ratio by a certain constant «c have the ordinary moment of 
resistance of the section F. 
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These two problems have recently engagod my attention. 

It is well known that engineers resolve these questions by tentative methods 
which sometimes require long calculations, and which besides are incapable of 
performance when tho section is quite irregular; and this ib wfcy it is necossary to 
tix types (such as a Zoris iron, T’eS X’«, Ac ) which, being decomposable into parts 
whoso moments oi inertia or moments of resistance can be determined analytically, 
are calculable 

By the simple and uniform graphical method which I have proposed, we can 
treat in the same manner as the simple sections (triangles, rectangles, Ac) the most 
complicated forms (such as a Zorfts iron or even figures with arbitrary and irregular 
contours, whoso equations would not admit of expression), so that^ in order to 
render poesiblo tho solution of these important problems, we need sacrifice nothing, 
either from tho oeonomical or tho msthotic point of view. 

I. Lot F bo tho unknown figure that we wish to construct, J its moment of 
inertia in a direction X with respect to a guou ban centric axis r % F' & figure 
homotliotical to F, (> its centre of gravity, aud x' a straight line parallel to ,r and 
passing through O' 

Let, besides, k be the (unknown) radius of g\ ration of F, in the direction X with 
respect to x , so that J^X-’F, and let J' and V be analogous quantities to J and k f 
relating to F f 

Finally, lot us suppose two orthogonal axes «, ic drawn anywhere, on which we 
have respectively tho segments UA = \VA *=1, A being tho point of intersection of 
u and to. 

Solution, (a) We find directly J' the moment of mertia of F’, cither by the wte- 
gromotor or graphical ( e . g > by Oulmaune) method. 

(6) On the axis « take two segments AB, AR 1 respectively proportional to J and 
J', and describe two semicircles on the diameters UB, UB' wnicn intercept on the 
axis of ic the segments AC, AO’ respectively proportional to and J', and two 
semicircles upon the diameters AVO, WC W which intercept upon u the two segments 
AD and AD' respectively proportional to ^/J and 

(c) From O' draw a straight line x } parallel to i, and take upon x } and x the 
segments O'X', OX respectively equal or proportional to AD" and AD, so that X is 
with respect to O on the same side os X' with respect to O' Draw the straight 
lines 0 O" and X X’ meeting at tho point S 

( d ) Finally, transform the figure F into the homotbetioal figure F f taking S as 
centre of similitude, that is to say, draw through S a senes of linos cutting the 
contour of F in the points M', and the corresponding points M of the required con¬ 
tour F are formed b y constructing the intersections of the radii SM' with tlie straight 
lines OM parallel to O'M' 

This figure F is evidently the section required, that is to aay, a figure which has 
given the centre of gravity, the orientation, tho form, and also the moment of inertia, 
nv the direction X, with respect to r, equal to the given quantity J. In fact the 
ratio of similitude of the two figures F and F ? is »^/J • */J f . • 

Note 1. When J' has been found, we can calculate directly the number 


V (r) m * 5 

and then we should take O'X* upon x' arbitrarily, and on OX we should take 
OX«=/i. O'X'; we should then continue the procedure as above. 

Not* 2 If the position of x and the magnitude of J are sot given absolutely, t. c. 
if the inverse problem is to be resolved several times supposing x and J successively 
variable, and if for the determination of J' (see (a)) we employ the graphical 
method, it la convenient to use tho central ellipse of F\ 

On this point, aud for more details, see three notes that I have published in 
vol. U. of the ‘Bendiconti dell* Istituto Lombardo/ 1870, or my memoir, u Stil 

' 8 Wc mfty restrict ourselves to consider the axe* which pass through the centre of 
grwity O of F, on account of the well-known relation between the momenta of inertia 
which have reference to these axes, and those which have reference to any parallel axes. 
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prohlema inverao del moment! d'lnersia ” in voL xxiv. of the ( Politecnico, Gior- 
nale dell' Ingegoere architetto civile ed industrial' (Milano, 1870), which contains 
two lithographic tables, and, as an appendix, a comparison Detween the numerical 
and the graphical calculation of a Zorns iron. 

IL Retaining the same notation as before, let R be the given moment of resist¬ 
ance of F in the direction X with respect to a given barveeutne axis v, t, e . let 

J k* 

R» - «tF, r, where - is the radius (or arm) of resistance of F with respect to 
t in the direction X 

Let R' and r' be analogous quantities to R and r for Iheiiguie F’ 

Solution. Find directly IV (for example, by CulmarmV graphical method), 
determine, either graphically or by a numerical calculation, the ratio 

v IP " ^ * 

draw through O’ a straight hue r* parallel to r, take on i' any segment O'X' and 
on x a segment OX**^ O'X' so that X is with respect to 0 on the same side bs 
X' with respect to O 1 ; and draw the straight lines OO’ and XX cutting ono another 
in S. 

Then transform the figure F* into the homothetical figure F, taking S as centre 
of similitude (see above) This figure F is evidently the required section, that is 
to say, a figure which has the given barycentre, orientation, and form, and also the 
moment of resistance in the direction X with respect to the avis r = tne given mo¬ 
ment R. 

For further details see the notes already cited in the 1 Rendiconti dell 1 Ietituto 
Lombardo/ 1870, and also the memoir “ Sul problema inverse dei momenti di re- 
aistenza,’ which will appear m tho * PoJitecnuo, Oiomale doll’ Ingpgnere arch, cit, 
ed industr.’ (Milano, 1870). 


Resume of Researches upon the Graphical Representation of the Moments of 
Resistance of Plane Figures. By Professor Gutsf.ppb Jung (Milan). 

Continuing the investigation upon the moments of resistance of a given plane 
figure F, I have communicated to the Istituto Lombardo * Borne results which I 
have obtained, and of which I here give a short account. 

1. Retaining the same notation as in the last paper, I have given several gra¬ 
phical methods for calculating the radii of resistance r in an arbitrary direction X 
(andj consequently, the corresponding momenta of inertia R«F.r) of tho figure 
F with regard to any barycentric axis x, and I have found several representative 
curves, vi*. in this sense that these curves have for radii vectores the radii of resis¬ 
tance r. So that, having given an axis x and one of the representative curves 
(which I shovr how to construct), we have the corresponding moment of resistance 
by multiplying by the area F of the section a certain radius \ ector of the represen¬ 
tative curve. 

It is remarkable that when the direction X is conjugate to the direction of the 
given axis x (i e . that when tho diameter of the central ellipse of F parallel to X is 
conjugate to the diameter *), one of the representative curves is tho central nucleus 
(Oentwlkern) t of the figure F, and we have the following theorem *— 

# See 'Rendiconti dell’ Istituft* Lombardo/ ser 2, t ix 1875, No xv, “Rappreeea* 
tftthml graftohe dei momenti resistend di una sesione pwws,” No xn “ Com piemen to 
aUa note precedence/’ 

f Perhaps it will be useful to recall here rapidly some notions which are, however, well 
known (see, for example, my memoir M Bui momenta d’lnersis " in the 1 Rendiconti dell* 
Istituto Lombardo,’ 1876). 

In the plane of F to every straight line, considered as a neutral axis, corresponds a point 
X WhMl & the centre of the pressure# (tensions) or the centre of tho second degree or the 
point of application of the resultant of the normal forces acting on the section J*. This 
point X Is also called the antipole of the straight line x , and the straight line x is the 
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The radius of resistance mth respect to a batycctitnc axis, in the direction of the 
conjugate diameter t is equal to the smallet of the two radu vtctorcs of the central 
nucleus situated on the Litter diameter 

We thus eoo tint the central nucleus stands in nearly tho same relation to 
the radii of resistance that tin* central ellipse does to the radii of gyration of the 
figure F. In fact the difference consist* chiefly m thin, that each of the radii 
veetores of the ellipsj situated on t ho diameter y is equal to the radius of gyration 
of F with regard to the conjugate diameter*, wlulo in general one only (the 
smaller) of the two l/idu voctoros of the nucleus situated upon y is equal to the 
radius of resistance of F w llh regard to the conjugate diameter * 

2. Suppose that F i^a cross-seclion of a cylinder upon which are acting forces 
situated in a plane passing through its axis, tho intersection of this plnne with the 
plane of F is tho axis of soUicitatmn of the section F, and the straight line which 
passes through Us harycentre and is conjugate to the axis of sollicitation is the 
neutral b&ryeeutnc axis This being premised, T show that 

The moment of rent stance uith icqxct to a barijccutm axis x, in the conjugate 
duectwn V, fa equal to the i em stance specific * to the cohesion tcith ) expect to the 
ficxw c i e/at it'd f/ to the a i is of solltn tation v 

From which follows a theorem giving the law of vauation of the specific roaist- 
mice of F, when the axis of sollicitnlion turns round its centro of gravity, via — 
The central nuclein of a given tectum is the curve of resistant e$ sjyeeific to the cohe¬ 
sion with reaped to the fie two A rad) us of the nucleus (the s mallei of the two 
situated on the hanjerut) ic axis conude/ ed) multiplied hg the a/ea F gives the specific 
resistance with resjxct to its direction , considered as aits of solhcihition* 

fl Taking still the barj centre of F as polo and for radii v ectores segments pro¬ 
portional to the maxima t specific instances of the section mth respect to the 
flexure and corresponding to each axis ol sollicitaiion, 1 find the remarkable 
theorem *— 

The curve of maxima t eststances ofFisati (information hg i a ipi ocal radii rectore$ 
(the inverse ]) of the central nucleus of the section A radius vector of this inverse 

curve f multiplied l>y p gives the specific maunmm resistance of F with respect to it* 

diirction f constricted as avis of sollicittition 
4 Two other theorems are connected with a note of M ItitteT, “Ueber eine neue 
Festigkoitsformel ” (see tho < Civilmgenicur/ 3876, Heft m , iy.) , The more im¬ 
portant is that which gives a simplo solution of the following question —Given 
the point of application of the resultant of the forces which net normally on the 
section F and also the central nucleus, but not the central ellipse, of F, find the 
neutral axis corresponding to this point. 

If O is the centro of gravity of F, C tho point of application (in the plane of F) 


nntipolor of the point X If in anj one given direction d is the distance of tbo centre 
of gravity of F from the straight lino and k is the radius of gyration of F with respect 
to the bnrvcentne axis parallel to *r, the distance, measured parallel to A, of the straight 

line * from its antipole = ^ If a straight lino y passes through X, it* antipole y lies 

upon * The point X, which i» tho antipole of the straight line v m this reciprocal system 
(antipolar system), is also iho polo, m Poncelot’s sense, with respect to the central ellipse 
of F, of the straight line which is symmetrical to * with respwt to tho point O (bftiy- 
centre of F nnd centre of it* central ellipse) 

If n variable straight line envelops tho cor tour of F without cutting it, its antipole 
X describes a closed curve whith is the central nucleus (Centrulkem) of tho figure F (see 
Culmann, 'Die graphisehe Slatik/ 2nd edition, t l Star Abschnltt, Zurich, 1875). 

* It is the moment of resistance of the section tor which, the axis of'feolHciUtton of the 
forces being given, the unit of tension (or of pressure) is produced in the most distant 
fibre of the neutral hxh upon the unit of area of this fibre 
t That is, tho niauinum unit tensions (or pressure) on the hypotbetis tlmt the moment 
C tie exterior forces which produces the flexure m the sections of tho cylinder i« »1, 

{ See, for example, Hirst, “ Inversion* quadratic* M (‘ Annah di Matematieo/ Roma, 
1st scries); Darbo ;x,' Sur tme claw* remorquable de oourbe* et de surfaces algtbriques/ 
Pan , 1873, 
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of the resultant of the forces which act normally uponF, O' the point in which 00 
ia mot by the (unknown) neutral axis, A and H the points in which OC meets the 
contour of the central nucleus. A' and IP the points in which OC meets respectively 
the antipolars of A and B *, then this last theorem can be enunciated thus. 

The point CV is conjugate to 0 «» the involution AA', BB r . 

Oonsequenth, if 0 is given, we have C'linearly, and we construct the neutral 
axis by drawing through C' a straight line parallel to the conjugate direction of OC, 


On a new Construction for the Central Nucleus of a Plane Section 

By Profeasor GrusEPPE Juno (Mi tmi). 

I have the honour to communicate to Section A a new and very easy method of 
representing the radii of gyration of a gnen plane (figure F), which appears to be 
more simple than the known methods of Poinsot, Reye, and Mohr, 

From this representation I deduce a new construction for the central nucleus of 
P, independent of that of the central ellipse of the figure. Tins 1 regard as inter¬ 
esting, because of the impoitance of the central nucleus in the study of the nlabilitv 
of constructions, on account of its remarJcable properties with regaid to the moment 
of resistance of the section ke, (Hoe Culmauu, i Dio graphic he Statih/ and the 
memoirs of which ft reaumt has just boon given ) 

1 Let 0 be the centre of gravity of F . AA and BB its pnnciple aves of inertia, 
i c, the axes of the central ellipse E of Jr , f and f (upon A A) the two foci of E , 
C the circle which has for diameter the major axi3 A A Then tin utdxm i f gyro- 
tion of F {in the normal direction), with itspitt to any ba)ycenti ic axis x t ts the seg¬ 
ment MM' of the perpendicular diatvn to x from one of the points f f' include i 
between the arm x and the circle C In fact the aide 0 is the locus of the leet of 
the perpendiculars lot full from the foci//' upon the tangents to the ellipse E 

Thus the circle C represents the radii of gyration of F fin the normal direction) 
with respect to all the baryceutnc axes. It irom M. we draw the straight line m 
parallel to x, the sogment NN' of any straight line X, included hctvveou i and m, is 
equal to the radius of gyration with respect to r in the arbitraly direction X , that 
is to say, if we take the angle Xx = 90—«, we have the radius of gjration, in the 

direction X, *>^~^=NN\ We can dispense with the perpendiculars It is suffi¬ 
cient to construct, besides the circle 0, tho circle r on O/ns diameter ■ if x meets 
the circle P m the point M. and M/ be drawn cutting tho circlo C in the point M', 
the segment MM' will be tlio required radius of gyration. 

2 Let G bo a circle passing through O, and of arbitrary radius +. If through the 
points A we draw Wo parallels to BB, oiid through the points B two parallels to 
AA,'tlie diagonals of the rectangle so produced meet G in two pom's a and o', and 
the straight linos A A, BB meet the same cucle in 0 aud 0' la t V be tho point 
of intersection of the chords a a' and 0 0'. 

By means of this point U toe comti'uct the bwycentric aria y, conjugate to any gum 
barycentrtc a.m x. It is only necessary to observe that if x cuts G in the point X, 
ftqaXU cuts G m the point Y ; the straight line OU is the axis y required. This 
is* in fact, merely the construction for the radius y conjugate to w m the involution 
of the straight lines 0(A B.oa'); but these latter are two pairs of conjugate dia¬ 
meters of the central ellipse of F, whence &c. 

ft. Construction for the central nucleus Draw any suitable number of straight 
lines enveloping tho contour of F without cutting it. Let / be one of these lines, 
a tangent which does not cut elsewhere the contour of F (unless it be convex). 
^ " ‘ ... » ■ ' erpoudicular to/, 

:tively. With 
distance MK' 



• These antipol&rs are tangents to tho contour of F and parallel to the conjugate direc¬ 
tion of 00; and wo know that the beryoentre 0 is situated on eoch of the finite segments 
lA'ydBB'. 

t vfe wight take G cotoeidont with T; then 0 coincides with / and 0* wdh 0 ( and U 
»the point of intersection of a*' and AA*. 

18767 8 
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(wradius of gyration, normal with respect to w ; see No. 1), and through K' draw 
the perpendicular to K'V meeting MM'in the point K. The straight fine passing 
through K and parallel to l cuts the axis y. conjugate to a? (we the construction 
for it in No 2), in the point L, antipole of /•; consequently L is a point on the 
central nucleus. 


Centroids, and then Application to some Meikantcal Problem 
By Professor A. B. W Kenncdv 


Elemental y Demonstration of a Fundamental Principle of the Theory of 
Functions . By Paul Mansion, Professor in the University of Ghent . 

M. Thomae (* Abnsa einer Theorie der coinplexen Functionen/ 2 l * Auflage, Ilalle, 
1873, pp 11-lff) first demonstrated rigorously the theoiem that “a function y»Fjr, 
whose differential coefficient, both in the positive and in the negative direction, is 
zero foi every >nlue of r, from -r 0 to X, is constant m this interval.'’ This important 
proposition can be demonstrated in an elementary manner by the following method, 
which seems capable also of other applications 

I, If the differential coefficient of a fimctiou ys=Fr in the positive direction is 
the same as in the negative direction, this differential coefficient is equal, for ft 

system of values (a?, y), to the limit of the ratio A -—-A- 17 , x t and jr, converging 

1 i~“ x \ 

towards the intermediate value jr. 

In fact, by hypothesis, 

■ • Fr,-F*=(r a -*)(y'+* a ), 

F*,-F(c=(.j,-i)(y +<,), 

* t and tj being infinitely small. Consequently 


Fj.-F.r x t -x x^-x 

T r V ^*1 r ~ 7 


and, f, and f, being multiplied by proper fractions, since x is intermediate to sc l 


find s. 


r _ t * 


II. Let # 0 , aw, X be increasing values of «, to which correspond the 

values y 0 , y v ... y„-i, Y of the function y »Far. 


We have 


^ (th (? irVx) 

X “*o + (**-»!) 




(X 

It results from this equation that has a > alue intermediate to the greatest 

and least of the ratios unless they are all equal. Thus.— Unless all the 

are equal tn the interval (x 0 , X), there is at least one of them greater than and 


one of them less than 


HI. If the differential coefficients of a function y**Far are the same in thepositive 
direction as indie negative direction, from ae 0 to X, then either all these differential 

* In fact if OLasy meets l in L\ and if £ ii the radius of gyration with respect to st hi 

the oonjugats direction y, we have, by construction, I/L*L'0+^, but the distance, in 

he direction y, of the straight line l from its antipole has exactly this value (see note to 
my ‘Rteumd of Researches upon the Graphical Representation ’ 4c ), therefore L Is the 
antipole of l. 
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coqffkitnti art equal, or there it at least one of them greater than and one leu than 

fes- 

flubdivide the interval X— x Q into n part*: the ~ corresponding to one of them, 

t* — will he greater than 3 —— (No* II ), Operate in the same manner with 

Xi— x^\ t and so on We shall thus have an indefinitely increasing senes of ~’8,all 
Y—v 

greater than 0 (No. II.), and having for limit the differential coefficient y' of 

A — T 0 

Tx for a certain value of a? (No. I) There is, then, a differential coefficient y, 

Y_ v 

greater than v —- . In the same way we can show that thero is one smaller. We 
A—r 0 

must, however, except the case of ^ constant, which arises when yrrrtr-b b. 

IV, If the differential coefficient of a function , supposed the same m the positive 
and negative directions , ts equal to a constant a, from 7 0 to X, the function w Unear 
and of the form a.r+£. 

Necessarily, x and x x being any two values included in the interval (a? 0 , X), 

y-=vi«o, 

x-x, 

whatever r and x x may ho For, wuro it otherwise, there would be between i and 
x l a ditlerential coefficient gieater than a, and one smaller than a . Thus:— 

y-a.i + tyj—a/j) 

Co) o T lary. —If a & 0, y » constant. Q E,D. 


On Convergent*. By Thomas Mr zb, AI. A., F.JR.S.E. 

In Lagrange’s additions to Euler’s Algebra (2nd Eng ed. vol. n. p, 270), he sets 
himself the problem, —A fraction expressed by a great number of figures being yiven, 
to find all the fractions , tn less terms , which approach so near the truth that %t ts im¬ 
possible to approach nearer without employing greater ones , and lor solution he gives 
in effect the following rule ■— Transform the given fraction into a continued fraction 
with unit numerators and positive integral partial denominators , and the so-called con- 
x*r gents of this continued fraction wiU be the fractions required . In this he is in error, 
the fractions found being some of the fractions required, but not all. Thus, taking 
% as the given fractional form, he transforms it into 

8+ 7+i6+r+... 

the so-called convergent of which are *f, T* S ir£> * * * 4 > Rn< * in to them 
he says :— u So that we may bo assured that the fraction f approaches nearer the 
truth than any other fraction whose denominator is less than 7, also the fraction 
■y approaches nearer the truth than any other fraction whose denominator is less 
than 106; and so of others” 

The statement here made in reference to \ is easily seen to be incorrect by com¬ 
paring the difference of \ from ir with that of p ot the former being, of 

come, *14159 ..., and the three latter *10840 ..., *05840 .. ., *02507 ... j and 
the incorrectness extends to what is said of the other convergent*. The true eola¬ 
tion Use In the fact that not only is 3-4 one of the required fractions, hut so also 

3* 
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nre 3-f-*,'J+J 8 + J wheio the dinominntor wo begin with it t!i« fit si uiteget iji ca/ei 
th m the half of 7 Hinularlv that before we come to 


we have 


1 + 


1 1 
? + l 5 


5 + 7 + 8’ 
! + 7 + 0’ 
,+ 7 +To 


and so on W lieu mat t paitml denominatoi occurs, wo take as the partial deno¬ 
minator to b gin with, cither its half or tho first integer greater than its half accor¬ 
ding as the partial duioruinator following is greater or ltos than that preceding, or 
the'je being equal, according as the nevt following is less or greater than the next 
preceding, ana so on 

Another improvement, thuugli verbil is ltiipntant, viz m regard to tin term 
ex met gent, tlio present definition of winch seems arbitral v and unuasoiiabJi With 
great convenience it mn> be define l a* f 11 wa —A com rrq< nl of a factional 
number is a fa ix n uhich is a closet approximation t the gum uinnhei than any 
other fI action rath a smaller denominator eo that Lagiaugc s problem is simplj to 
find all the ctmtrqenh cf am/ fraction 


On tJe Helat on letneen tud continued 1 action 1 iptmi fn Vcnte 
Jh/ Thomas Mtna, M A , F N S h 


On the Use of Legcn b c J s S ctl for Oth dutin / the Ft *t Flbjrtxc Tnteqral 
B\f Professor T W Newman 

Denoting th tnst elliptic integiil by l(c, o>) and taking x such that x £ tr 
cP(r, co) l (c W) the n, in I ogiango s scale, from o> we deduce su cessively a>„ 
^2 <*9 hv a giv ni law, w ith the mu o t c c i c. previously determined from r 
Then i m tfie limit to which <■>, 2 l co l 2 J a> j 2 3 6), conwrgo If c is mode¬ 
rately small, the convorgonco is lapid But if < 2 m very near to 1, it may be ex¬ 
po lient to reverse the duectim of the now amplitudes and moduli, vi/ to calculate 
f backwards c , c , c * > as to mal o e , < c c c v r a a perns continued by a 
singlo law, nud similarly fiom *> calculate backwaids », w , *> Then*), 

» ,u) are pioved tv c merge to a lived limit « ana 1 (c e») F(6,4ir)=BNap 

Jog tan (1 tt-M w ) 1 tt Tho fumtion ISap log tan (JttH-} w ) involves but a single 
element « ana was calculated by I egtndre Uudcimanu has since published ft tar 
amplei tible In piachcn the limit « is qiuckly reached often it suffices to make 
ox ==«, at worst *> =w 1 hus fir very laige values of r 8 Lsgrargc a scale prac¬ 
tically suffices, presuming that we have lit hand tables office, Jtt) andF(A, in) 

But I egendre, who dm run da new scale after completing his principal ealeu 
tetions, regarded his new aotIo as having much Advantage m finding T(r, *>) at 
once rapidly and accurate!) In it i is the limit of a>, 3 1 a> t , 3 *«,, 3 8 « a , ai d 

the convergence, goneially excellent m I agrange s scale, is tar mnro rapid in 
Legendre s In Lagratigi s scale the 1 elation of «, to « is tan (»,—») mi tan * 
The relation m I^egendro s scale is to the eve as simple, v iz tnu ± (u x — «)=A tan *>, 
but in the constant sin 5 /3), tJie value of £1 n determined by the equa¬ 

tion fc (c )3)™fF(c, }tt) A pr vctical difficulty arose in tho v ery considerable trouble 
weeded to obtain A for its loguithm) numerically whon c was given I^egendre 
mowed how /3 was obtainable from c the cubic equation arising can be solved bj 
A mere extraction of tho cube-root, but thore aro also two quadratics involving twd 
extractions of the square-root Then from /3 we have to calculate */(!—c* sin *£) 
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and find its logarithm befoie wt can proceed to dedute (*> l fiom w All tlitt* 
operations lnu e to l>e repeated to find from a>i , nav, we must fust tmd c L fiom t, 
and that is still more aiuuous 


But when mo assume p, =^ir 


1 (/>, \n) 

1* { c > i«■/ 


ns aiguuunt, ail is gieatly simplified 


The relation ol r, t j. tj in Lagmngo s scale coiiesuouds with p, 2p, 2 J p, 2 3 p, 
, and in Legenure s scale with p, Ip, i p, i p , winch involve no trouble in 
< alculaling ?s > doubt we nted tables (ot single ontiy and easily compiled) to yield 
c f h when p is given, and p when c is given Piujunung these, we may treat i and 
P(c, co) as functions of p and a?, uftoi which tho difficulties of tho constant multi¬ 
plier A vanish, and Legendre s scale becomes practii al to us 

Denote — lop A, i £ — log ^(1—c 4 hid j £), fur the moment, by $(p) (here the 
common log is intend* d) , tin n, among the miuieious series which evpie&s functions 
of the amplitude &> in terms of x and p, the author selects (with X for Napier s log) 


-]X sm J a)) = 


1 —cns2i , 11 — eosih? , 11—coslOi , „ 
u. —_ __ j. 

sm 2p T J sm Op 6 sin 10p 


whuo snip m written foi i~ p ) By bypothesm, 1 (c,/3) = \ 1 (i, jir), hence 

when «=*0, ;r*=j7r, and we got, wilting cosec p f>i tho lecipncal >L sm p, J4»(p) 
=M{ co^cc2p-|-J cosec 10p + ^ cosec lip -j- ^ cosec 2 2pd“&e }, M h mg tho mo¬ 
dulus of the common logon thins 

\ssuming that we have a table of 4>(p) then given p and w we have the equation 
log tan -*(*>!—a>)= log tan ©-<$(p) to find a>j, log tan ^(o> i —w^rsloglau wj-<D(3p) 
to find « 3 ] >g tan 6^)=log tan J (i p) to hnd <» , ana so on Tho 

approximation is sufficient vvlun 4*(3‘p) is negligible, and this result is obtained 
no rapidly, that m tin extreme c^so ofp = i 3 2 w is e >noet t ) ten decimals 

To bring the method to a practical linl lie fiutln r has tckulated to twelve 
decimals a sloletm table uf #(p) for p = 0 j, 0 (t 0 7 OH 0 * ad lioin pad 
topaal4 1 at intervals ot 0 1 ihe table is given m the puper a id also exam 
plea of tho method The pi >cess also by which tin tiblo was constructed, with 
tho aid of tables of cosoe p and c" p , previously calculated by tho author, is ex¬ 
plained 


Genet al Theorems tela tiny to Closed Ctuves By Professor P <i Tait* 

The closed curves contemplated are supposed to have nothing higher than double 
points By infinitesimal changes of position of the blanches inteisectiug in it, a 
triple poiut is decomposed into three <L ublc points, a quadruple point into six, and 

generally an *plo point into double points (1)4 closed curve cuts any 

infinite unknotted line in an even numbei of points [infinite hue implies moreh 
that both ends are outside tho closed cmve] (2) lho same is tiue it the lino be 
knotted (3} If any two closed curves cut one anothci, llieic is an even numbei 
of points of intersection (4) Iu going continuously along n elm.d curve from a 
point of intersection to the some point again an even numbei of intoisections is 
passed (5) Hence in going rouna such a closed curve wo ma> go alternately 
above and btlow tho branches as we meet them (0) liy (3) the same proposition 
is true of a complex arrangement of any mrniber of separate closed cuives super¬ 
posed in any manner (7) Iu passing fiom the interior of any one cell to that of 
any other—in any system of superposed closed curves—the number of crossings is 
always even or always odd, wh itover path we take (8) IIuico the cells may be 
coloured black and white m such a w av that from white to white there is always 
an even number of crossings, and from white to black an odd number Such closed 
curves therefore dmdo the plane m nodal lines do a vibrating )>1 do 
The above are the enunciations of the propositions proved in the paper, which, 
the necessary figures &c, will be found printed \n evtenso in the ‘Messenger 
of Mathematics,’ vol vi., January 1877, 
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On a Theorem in the Mensuration of certain bolide. 
By Professor Jamba Thomson. 


On Division-remainders in Arithmetic . By W. H. Wauenit. 

The author referred to a series of papers of his on unitation recently published 
in the Philosophical Magazine/ and to some remarks published in the Bnt. Assoc, 
volume for 1870 If x divided by d lea\e remainder y } then the author calls y tho 
unitate of x to the base d, and writes U^=y The results of “ umtation ” may be 
conveniently applied to the vcnfication of many numerical operations. Tho method 
of umtation is practically equivalent to the theory of congruencies, v iz the equa¬ 
tion U^roy would be written x -y (mod d) , and many of the results are iden¬ 
tical with those given by Gauss. 


On Many-valued Functions . By M. M. U, Wilkiksoi*, M.A . 


General Physics, <fto. 

On the Transfonmtwn of Gravity . By Jambs Croll, 


On the Influence of the Residual Gas on the Movement of the Radiometer « 
By William Crookes, F.R.S, 

The author s recent experiments show that the movement of this instrument is 
not due to a direct repulsion exerted by light on tho vanes, but to a mutual action 
called out between these vanes and the % ery attenuated gas remaining in the instru¬ 
ment. It is well known that, with a moderately good vacuum, the motion becomes 
more rapid as the exhaustion proceeds , but he has recently succeeded in producing 
such a complete exhaustion that he not only reaches the point of maximum effect, 
but goes so for beyond it that the effect nearly ceases. The vacuum is measured by 
means of a special apparatus, in which a moving plate, instead of continuously rota¬ 
ting in one direction, as in the ordinary radiometor, is suspended by a glass iibre, 
which it twists in opposite directions alternately The movement is started by 
rotating the whole apparatus through a small anglo, and the observation consists in 
noting the successive amplitudes or vibration when the instrument is left to itself, 
a mirror and spot of light being employed for this purpose. The amplitudes form 
a decreasing senes, with a regular logarithmic decrement The logarithmic decre¬ 
ment is nearly constant up to tho point at which the vacuum is apparently equal to 
a Torricellian vacuum, the mercury in the gauge standing at the same height as a 
barometric column beside it, but as the exhaustion proceeds beyond this point, the 
logarithmic decrement becomes smaller—in other words, the amplitude diminishes 
leas rapidly. By plotting the observations and supposing the curve continued, it is 
indicated that ; if a perfect vacuum were attained, and the glass fibre had no visco¬ 
sity, the logarithmic decrement would be zero, we should have perpetual motion 
with constant amplitude, whilst, at the same time, the radiometer would cease to 
act. Other gases as well as air have been tried Aqueous vapour is very unfavour¬ 
able to the action of the radiometer; hydrogen, on the contrary, gives the beet 
result of all. Several experiments have been already described, which seem to 
point to the true explanation of the action of the radiometer \ but the author thinks 
Mr. Stoney’s explanation the clearest. According to this, the repulsion is due to 
the internal movements of the molecules of the residual gas. When the mean 
' ( length of path between successive collisions of the molecules Is small compared 
with the dimensions of the vessel, the molecules, rebounding from the heated sur¬ 
face, and therefore moving with an extra velocity, help to keep beck the more 

* Printed m extmso in the Phil. Mag. 1876, ii p. 241, 
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slowly moving molecules which axe advancing towards the heated surfaoe; it thus 
happens that though the individual kicks against the heated surface are increased 
in strength m consequence of the heating, yet the number of molecules struck is 
diminished in the same proportion, so that there is equilibrium on the two sides of 
the disk, even though tho temperatures of the faces are unequal But when the 
exhaustion is carried to so high a point that the molecules are sufficiently few, and 
the mean length of path between their successive collisions is comparable with the 
dimensions oi the vessel, the swiftly moving, rebounding molecules spend their 
force, in part or in whole, on the sides of tho vessel, and the onward crowding, 
more slowly moving molecules are not kept back as bofore, so that the number 
which strike the warmer fnco approaches to, and in the limit equals, the number 
which strike the back, cooler face, and as tho individual impacts are stronger on 
the warmer than on the cooler face, pressure is produced, causing the warmer face 
to retreat * 


Mechamml Theory of the Soanwj of Birds, By W. Feoitdb, F.lt /S'. 


On the Passage of Fluids tkrouyh Capillary and other Tubes . 
By Professor F. Goturih and Dr. F. Guthrlk, 


On the Modification of the Motion of Waves produced by Fluid Friction, 
By Prof. J. Purser. 


On the Forces experienced by a Lamina immersed obhgudy m a Fluid 8(ream* 
By Lord IUyllioh, F,ll 8.f 


On the Resistance encountered by Vortex Bings, and the Relation between the 
Vortex Ring and Stream-lines of a Disk, By Prof Osdorne Reynolds. 


Desertion of the Bathometer . By Dr. C. W. Siemens, F,Il S, 


On the Amplitude of Waves of Light and Heal . 
By G. Johnstone Storey, F,R 8. 


On Acoustic Analogues to Motions m the Molecules of Oases, 
By G. Johns tone Stonet, F, R,S 


Experimental Illustration of the Origin of Windings of Rivers in Alluvial 
Plains . By Professor James Thomson, LL.D. } D.8c. 

The author referred to a cofhmunication which be had made to the Royal Society 
in the month of May last in which he had given a new theory of the flow of 
water round bends in nver* and round bends in pipes, and had exulaiued-the 
reason why, in alluvial plains, the bends of rivers go on increasing by the wearing 
away of the outer bank, and the deposition of mud, sand, and gravel on the inner 

♦ For further rese a rches on this subject, see papers read before the Royal Society, 
November 16,1676, and on April 26, 1877- 
t Printed t* sMtoMo in the Phil. Mag. 1676) ii* p- 460 
t Proc. Roy. Soc, vol. xxr, p 5. 
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bank. The theoretical \ iew which he had then offered, ho now, for the Hrat time, 
had verified by practical experiment; and this experiment he showed m the 
meeting* The chief point of the new view now experimentally proved was that 
the water m turning the bend exerts centrifugal force, but that a thin lamina of tho 
water at bottom, or in close proximity to tho bed of the liver, is rotnided by friction 
with the river-bed, and so e\( lU le<*a centnlugal force than do like portions of tho 
great body ot the water flowing over it m less close proximity to the river-bed. 
Consequently the bottom Inver flows inward obliquely acioss the channel towaidn 
tho inner bank, and rises up m its retarded condition between tho inner bank and 
the vapidly flowing watei, and protects tho inner hank fiorn the scour, and bungs 
with it sand and othei detritus from tho bottom, which it deposits along the uuiei 
bank. The apparatus showed a small river, about 8 inchas wide and an inch or two 
deep, flowing round ft bend, and exhibiting very completely the phenomena which 
hnd teen anticipated. 


On Metnc Units of Font, Energy , and Power, larger tlum those on the Venti- 
metre-Gram-Second System, By Jvmks Thomson, LL Z)., D.Sc., FR.S.&, 
Professor of Civil Engineering and Mechanics in the Uiuveisity of Glasgow . 

The author premises that under the excellent method of Gauss for establishing 
units of force, a umt of force is taken as being the force which, if applied to a unit 
of mass for a unit of lime, will lmpait to it a umt of velocity. In tho system 
ahead} adopted by the Jhitish Association Committee on Dynamical and Eleitucal 
Cults (lint A^oc Ilepoit, pmt i. 1873, page 222), tho Centimetre, the Giam •, 
and the Hicond w< ro taken ny the units of length, of mass, and of time , and tho 
umt of force thence derived imdt i the method of Gauss was called tho Dyne 
That forco is \eiv small, quite too small for convenient use in all ordinary 
mechanical or engineering investlgationn It is about equal to the gravity of a 
milligram mass, and that force is so small that it cannot bo felt when applied to 
tho hand. That system, designated as tho Contimetre-Omm-Sccond System, 
recommended by tho Committee of tho Bntish Association, and described fully, 
with many applications, in a book since published by Di Everett, who was 
Secretary to the Committee, is well suited for many dynamical and electrical 
purposes , and u ought certainly to be maintained for use in all coses in which it 
is convenient But the object of the present paper is to recommend the employ¬ 
ment also of two other systems which are m perfect harmony with it, and to 
propose names for tho units of force under these two systems 
In one of these systems, the Decimetre, the Kilogram, and the Second are tho 
units adopted for length, mass, and time ; and thus tho system comes to be called 
the Deciinotre-Kilogram-Hecond S) stem, 

In the other, tho Metre, the Tonne t, and the Second are adopted as tho units of 
length, mass, find time, and thus the system comes to be called the Metre-Tonne- 
Second System 

It is to"bo particularly observed that all the three systems here referred to aio 
framed so os to attain the condition, very important for convenience, that tho 
unit of mass adopted is tho moss of a unit volume of wider, and that, therefore, 
for ov erv Mubstanco the stk cific gravity and the density, oi mass per unit of volume, 
are made to be numerically tho same. 

In tho Decimetre-Kilogram-Second System, the unit of force derived by the 
method of Gauss is 10,000 Dynes, or is about eqvvd to the gravity of 10 Grams, 
It is impossible, or almost so, to work practically with any such system without 
having a namo for the unit of force. Tne unit of force in this system is such that 
a human hair is well suited for bearing it as a pull, with ample.allowance of extra 


£ The spelling Gram, instead of Gramme, for tho English word Is adopted in*lho 
rjjcnt paper in accordance with the spelling put forward in the Metrio Weight* and 
Act, 18fi4, which legalizes the use of the Metric System m Great Britain and 

Tonne vs the mass or quantity of matter contained m a cubic metre of water, and 
faoe, <<*rly the same as the British Ton, 
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strength for safety against breakage; and the author propose* to call it the Lh mal y 
from the Latin ertnw and ennahs. 

In tho Metxe-Tonne-8econd System the unit of force, likewise domed by the 
Gaussian method, is 10,000 Gnnnls, or 100,000,000 Dynes, or is about equal to tin’ 
gravity of 2 cwt, or of of a ton Tins force would be property borne as a pull 
by a modemtoh-RiJsod rope, and the author pioputs to <anit the Funal, from 
the Latin ftmts mdftmaha 

Then wo have One Horse-Power, of :iU,000 foot-pounds per minute, about equal 
to 75,000 Decimetro-CiitiaU per second, and the Ilorse-Powor is also about equal 
to *76 of a Metic-Fuiud per second, 

Also 1 Metre-Fuiial = 100,000 Pecimotie-Ci inals, 

= 10,000,000,(XK) Cciitimctic-D^nes, or Digs, 

=a 10'° Ergs 

Abo 1 llorso-Power is about = 7,500,000,000 (bntmietie-DjTios per second, 
or as the same nmy bo wntten 75 x 10 8 Centnnetro-J)ynes per second 

The number 7,500,000,000, lor expressing a Tloise-lVwa under the (Jentnnetie- 
Gram-Bocond Sy stem, is un exceedingly viumaiuigeuble one , end it gnes a very 
decisive indication that the Oentmictie and Giam aie too small to be suitable ns 
fundamental unit* of length and of muss tor oidinary engiueoung purposes, and 
that there is great nml loi the establishment of systems having hugei unit*, Mich 
as those which ha\e been mommended m the pre*mt paper, and foi which a con¬ 
venient noruenclatuie has been otlcied, 

It is to be observed that the provision made by the Bntmh Association Com¬ 
mittee, in the Deport already refined to, of a multiple of the Dyne, arnli as the 
Megadyne, or million of Dynes, ns u larger umt of lone, does not accomplish all 
that is to be desired, because vmious important Jonmila 4 , or convenient mothod* 
of statement, will not bold good when any of tbo units me so derived Thue, for 
instance, if tlie Mogadyno be the umt of force, while the (ham and Btrond aio the 
units of moss and time, the ordinary foimulns lor giving the so-called “ centrifugal 
force " of a revolving mn*s, 

F = and r s.j/iwi, 

9 ’ 

will not hold good, and, as another instance, wo may notice tlinfc the proposition 
that, in respect to a jot of water, tho reaction force on the vessel is equal numeri¬ 
cally to tho momentum g( iterated per second, will nut hold good , and numberless 
other instances might readily be cited, but those given may suffice. 


0u the Precemoml Motion of a Liquid . By Sir W. Thomson, D.C.L., F.K.S, 

The formulas expressing this motion wei*e bnefly explained, but the analytical 
treatment of them was reserved for a paper “On the Nutation of a Solid Shell 
containing Liquid ” The chief object of the present communication was to illus¬ 
trate experimentally a conclusion fiom this theory winch has been announced by , 
the author in his opening address to the Section, to the effect that, if the period of 
the pTecossipn of an oblate spheroidal rigid shell full of liquid is a much greater 
multiple of the lotationAl period of the liquid than any diameter of the spheroid is 
of the difference between the greatest and least diameters, tho piecessionol effect 
of 4 given couple acting on the shell is approximately tho same as if the whole 

a a solid rotating with tho same rot ationaf velocity. The experiment consisted 
owing a liquid gyrostat, lit which an oblate spheroid of thin sheet-copper 
filled with watertwas substituted for the solid fiy-wheel of the ordinary gv rosUtt. 

In the instrument actually exhibited tho equatorial diameter of tho liquid shell 
exceeded the polar axis by about one tenth of either. 

Supposing tho rotational speed to be thirty turns per second, the effect of any 
motiye which, if acting on a rotating solid of the same mass and dimensions, would 
produce a precession having its period a considerable multiple of $ of a second, 
must, according to theory, produce very approximately the sarao precession in the 
m shell filled with liquid as in the rotating solid. Accordingly the main pre- 
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eessional phenomena of the liquid gyrostat were not noticeably different from those 
of ordinary solid gyrostats, much were shown in action for the salio of comparison. 
It is probable that careful observation without measurement might show very sen¬ 
sible differences between the performances of the hquid and the solid gyrostat in 
the way of nutational tremors produced by striking tho case of the instrument 
with the fist. 

No attempt at measurement either of speeds or forces was included in the com¬ 
munication, and the author merely showed tho liquid g>rostat as a rough general 
illustration, winch he hoped might bo regarded ft« an interesting illustration of that 
very interesting result of mathematical liydrolauotica, the quusi-rigidity producod 
in a fuctionless liquid by rotation 

P S,— >Sinco the communication of this paper to tho Association, and the de¬ 
livery of my opening addins which preceded it on the same day, I have received 
from" Prof Ilenry No 240 of tho * Smithsonian Contributions to Knowledge/ of 
date October 187J, entitled if Problems of Rotatory Motion presented by the Gyro¬ 
scope, tho Precession of the Equinoxes, and the Pendulum, by Brevet-Major Gen 
J, G Barnaul, College of En^rneers, U in which I find ft dissent from tho 
portion of my previously published statements which I had taken the occasion of 
my address to correct, expressed in the following terms — 

“I do not concur with Sir William Thomson in the opinions quoted in note, 

§ . 38, from Thomson and Tint, and expressed in his letter to Mr G Poulett 
crope (‘ Nature/ Feb 1, 1872), so far as regards fluidity or imperfect ngidity, 
within an infinitely rigid envelope, I do not think the rate of precession would bo 
affected/' 

Elsewhere in tho samo paper Gen Barnard speaks of i( the practical rigidity con¬ 
ferred by rotation.” Thus he has anticipated my correction of tho statements con¬ 
tained in my paper on the ngnbtv of tho earth, ho far as regards the effect of inte¬ 
rior fluidity on the processional motion of a perfectly rigid ollipsoidal bIigII tilled 
with fluid 

I regret to see that the other error of that paper winch I corrected in my opening 
address had not been corrected by Gen Barnard, and that the plausible reasoning 
which had led mo to it had also seemed to him convincing For mjself I con only 
say that I took the vrr> earliest opportunity to correct tho errors after I found them 
to be enors, and that I deeply regrot any mischief they may have dono m the mean 
lime. 

Addendum . 

Solid and Liquul Gyiontats —The solid gyiostat has been regularly shown for 
many years in the natural philosophy class of the University of Glasgow as a me¬ 
chanical illustration of tho dynamics of rotating nolids, and it has also ooen exhibi¬ 
ted in London and Edinburgh at conversaziones of tho Royal Societies and of the 
Society of Telegraph Engineers, but no account of it has yet been published The 
following is a brief description of it. 

The solid gyrostat consists essentially of a massive fly-wheel, possessing groat 
moment of inertia, pivoted on tho two ends of its axis in bearings attached to an 
outer case which completely encloses it. Fig 1 represents a section by a plane 
through tho axis of the flj-wheel, and lig 2 a section by a plane at right angles to 
the axis and cutting through the case just above the fly-wncel. The contfuning- 
ense is fitted with a thin projecting edge in the piano of tho fly-wheel, which Is 
called tho boaring-edge Its boundary forms a regular curvilinear polygon of six¬ 
teen sides with its centre at the centre of the fly-wheel. Each aide of the polygon 
is a small arc of a circle of radius greater than tho distance of the corners from the 
centre The friction of the fly-wheel would, if the bearing-edge were circular, 
cause the case to roll along it like a hoop; and it is to prevent tnis effect that the 
curved polygonal form described above and represented in tho drawing is given to 
the bearing-edge. ( 

To spin the solid gyrostat a piece of stout cord about forty feet longand a place 
where a clear run of about 00 feet can be obtained are convenient The gyrostat 
having been placed with the axis of its fly-wheel vertical, the cord !» passed in 
through on aperture in the case two and a half times round the bobbin-shaped 
part of the shaft and out again at an aperture on the opposite aide. Having taken 
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caio that tho alack cord is placed clear of all obstacles, and that it la fret from kinks, 
the operator holds the gyrostat steady, so that its case is prevented from turning 
while au assistant pulls the cord through by running, at a gradually increasing pace, 
away fiom the instrument, while holding "the end of the cord in nis hand Sufli- 
cient tension is applied to the entering cord to present it from slipping round on 
the shaft In this way a very gnat angular velocity is communicated to the fly¬ 
wheel, sufficient, indeed to keep it spinning for upwards of tv tut} minutes 

If, wlu 11 tho gyrostat has lie n spun it lie set on its bearing edge with the centre 
of gravity evn tlv c. \ i tho 1* anng po nt n a smoith h m/ mt il piano such as a 
piece of plait glass lung (n a table, H will contmuo appftuntly stationary and m 
stable < [inhbuum It while it is in this p isihon a couple i mud a h 117 mtal axis 
m the plan >1 th fly-win 1 b ajpht 1 t) the wheel, no d flecli n 1 tins pi tin 
fiom the vcilieul is puduc d, but it rotates slowly round a vutu \1 ims If a 
lieavv blow with th > hat b given to the side of the case, it ia m t hy what seems 
to the Hcns< s tlio NHMtanc* of a vtny stifl elastic bodv, and, for a few stconds aftu 
the blow, the gyioslut is in a state of vnleut tremor, which, bovvcvu, subsides 
rapidly Vs tlie lotation tl \cl icitv giudually diminishes, the lapulitv of the tremois 
produced by tho blow also diminishes It is very curious to notice the tottering 
conditi m, and si jvv , seemingly palsied tremulousnc ss of the gyrostat when tho fly¬ 
wheel bas nearl) ceased to spin 

In tho liquid gyre a tat the fly-wheel is replaced by an oblate spheroid, rnadt of 
thin sheet-copper and tilled with vvatoi Tho clLipticilv cf tins shill m tho in¬ 
strument exhibited is A—that is to say, the equatorial diameter exceeds tho polar 
hy that fraction of eitm r It is pivotc cl on the two aids ot its polar axis in bear¬ 
ings fixed in a circular ring of bra^s suirounduig tho sphtiui 1 This circle of brass 
18 ngully connected with tho cuived polvgonal bearing edge which lies in tho 
equaloual plane of the instiument, thus foimuig a framowoik f i the support of 
tho spheroidal shell In fig I a section is represented thiough the polai axis to 
show the ellipticity, and fig 1 gives ft vuw fbe g}*o8tat w bom a point m 
tho prolongation of tho au^ To pi event accident to the shell when the gyiostat 
falls dow n at tlu end c f its spin engt bais are fitted iouu l it m sue h a w ay that no 
piano can touch tho shell 

Ihe method of spinning tho liquid gyrostat is similar to that dcseabed for the 
solid gyrostat, difl ring only in Uio uso of a very much longtr cold and of a huge 
wheel foi the purpose of pulling it Ihe coid is first w mud on ft bobbin free t> 
rotato round ft fixed pin Ibo end of it is then passed two and a hnlf tun s round 
a littlo pulley, and thence to a point in the circuinferonco of a laige wheel to 
which it is fixed An assistant thou turns tho wheel with gradually incioaaing 
velocity, while the frame of tho gyrostat is firmly held, and the requisite tension 
applied to the tntenng cord to prevent it from slipping round the pulley 


Secida ; Illustration of the Laws of the Diffusion of Liquids 
By feir W Thomson, D 0L , FES 


On a neu case of Instability of Steady Motto 
By Sir W Thomson, D O L f FU 8 


On the Nutation of a Solid Shell containing Liquid 
By Bir W Thomson, D C L , FR S 
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Phot nut) u Weitiiu tmuits of the Mu jncto elect) xc Lujht 
Ihf Captain. \BN 1 A, 1 11 s 


Determination of ih>> ( ondmtit tty of 11 tat by Watet By T 1 Botiomli l 


On th lebtmfs of / at je Ob/utnes 
By Howard Grubb, Mastu of t n/tneet tnj, Pttmty Colli jt , Dublin 

In tilt tiling oflaigt objtctivis v%lun thtcontctu ns linvo been made to bo vu\ 
lit ally perfect u dilhculty is souk tiuiLS felt in determining vs hat, if an}, corr* ctn ns 
remain d< si ruble, and als > of dttei mining m asimpk wiij tin am untof tho desired 
ulti mtion 

lor the clnoniulitabenati n om plan otten puis ed bi thcoptiuin is ti slightlv 
oveicuirect tin t bj ctni m tli fust instance and then t> stpuab the erov\n and 
Hint (thus ielu nig tin f n cti u) until the U t l illt is ttaincd, -when tho 
amount t sep ti ill nnqiuul Incomes 1>\ a simple calculation a nicasuic of the 
mooseaiy ftltiratim in tin cunts 

This is mi e\ti mi 1} usi ful pr rtunl arranginu lit but unfirtunntcl} it is appli¬ 
cable to oub <«e >f the f >ui jos^iblo errois, bosidt s bung lioublestmt and nie- 
vvhat dnnguous in the cast f largi objeelivi s 

The dtsirabihty of some simple plan of lntioduoiig o temptte f a small -f* or 
— effect of cinematic oi Hplieiical aberiation and f bung able to accmatel} esti¬ 
mate tilt quantit} of siuh luis been uiy apptnnt to mo on seicml occa ions, for 
I have froquu Uv found tin bt st judges of such matt rs diftt r m thtir estinmtt of 
final collect mi, and unable to agiet t hut on und 1 ba\e also often found a difli- 
cultym satisfung mjseli tliat the bist balance of collection* had been attained, 
whin is if it wuo possible to introduce a small amount, pro temport , of 4- oi — 
coirectnn, T could ot onc< have jerceivtd when I had ovcinhot tho maik In 
fuct the perfiction of any conoction in an objective means tho beet balance fre- 
tuan tao (pponny abciratione, and (lust os in all eases of ascertaining balances) 
it is difhcult 1 1 determine tho neutral point unless theio bo tlio power of trying on 
both hid* s 

lo elicit this, jn piepjujng for the tual of the great objective for the new Obsei- 
vatoiy at A i< ima (of 2 7 inches npcrtuie) I am const meting 1 mr lenses oi combina¬ 
tion of lenses capable ot being mounUd bclwun the objictm und oculai und with 
a considerable renge of motion m tlie avis of the tclescopo - 

l While it effects no other eoiroetion introduces a small amount of -f- 
chromatic aberration 

B bimiluh introduces a small amount f f - tin malic ib lrjlion 
C , n + spherical aberration 

I) , ,, — spbencal abt nation 

The amount of any abonation intioduced can be regulated by tl e position of the 
collecting it ns in tho pencil of iav« 

\ou, knowing the < nMimtion of tluso eombmati us and thui position in tho 
pent ll of rays from objective to ot ulnr, the conosponding com chon in tho objcctivo 
is an easily calculable quantity Quite apart from the use to the optician 1 beliovo 
the comfort of these appliances will be much appreuatid b\ those appointed as 
judges, particularly where, as in the case of the \ienna telescopy the testing of tho 
objective forma part of the work of a Coiumittco composed ofa< onsiderable number 
of 'Members 

I have already experimented m this direction suflluontly to convince myself of 
the great value of this system so far as the conectiou foi chiomntio aberration is 
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concerned , but I havo nut fu yd o\pen n ion ted on (Ik* fcpheiicnl ftb uratiou, noi am 
I so sanguine of its success 

There seems another duoction in which a possible advantago might be gained 
by use of these correcting combinations, viz in the case of minute stars whose 
light is made up for a greet part uf rays from either end of the sptctium, moie 
particularly the blue enu It seems highly probable that belter definition ot these 
stars could be obtained if a slight temporary adjustment could bo made in the 
chromatic correction suitable for that particular part of the spectrum from which 
the predominant light of tho stars proceeds. 

Or course it is to be understood that the corrections here spokeu of and proposed 
to be dealt with by their correcting lenses are only tho verj final ones—in fact, when 
the objective arrives at that degree of perfection in which it is almost impossible 
to say whether any improvement can bo eflectcd or not 


Oil JDc ni fmpi ovementa m Etpmloi ud Ttlefropcs 
By How vud (iutniH, Mmtu oj Eiujuuci uxy, Tnnity Colic [ft, Dublin. 

The author lnfened to foimei p ipeis lead by him at the Brighton nnd Belfast 
Mootings ol tho Association on the same siibp ct, nnd piooeeded (o describe— 

1st. A method oi tom intently r* idmg the Ji V ciiclc from ike eye-end of tho 
telescope. 

2nd A new simple but ellbctne nunngement for slow nioliuii in B \ 
drd. A now and very mutdi improved fmm of clamping miangennwt for both 
polar and declination axes 

4th. And a new method of rontiolliug the uniform motion driwnp-ehw k of tho 
telescopes from an oidinnry sideicnl clock by an electric cui rent transmit ted once a 
second from the sidereal dork, by which arrangement tho dnving-clofk can bo 
kept going continuously «\ ith ml the possibility of accumulation of crrois beyond ft 
small fraction ot a second 


On a Method of Phofoq,aphiny the Deftch ?n Optical Glaw ansmy fiom want 
of [fomoycnr'ity By How um Oku an, Mastn of Enymca n\y, Ttuuly 
College, Dublin. 

The best practical method used for detecting m disks of optical glass defects 
arising from want of homogeneity is probably well known to many amateurs ns well 
ns to professional optu tuna 

The dish of giftsg to be o\amined should bo either it <elf polished to ft convex form, 
or, if that be nut convenient, it should be placed in juxtaposition with a piece of 
glass which is known to bo peife tnnd of sueh form as vvillrendei tho combination 
of tho two of convex powm A small bght (**iy r gu^- or candle-flame, or nov suf¬ 
ficiently biillmnt light with a small dmphuigm m fiont, see tig 1) is placed ut some 

Fig 1, 


little distance, and the eyo ii placed in the conjugate focus formed by tho ieus of 
this light. The disk orgies should then appear bnlhantly i]2uinin*ited, but if 
the pupil of the eyo is dnwn slightly to one side, so that llio pencil of light falls 
upon only one half of the pupil, imme Uately and most distinctly almost any want 
of homogeneitv is cosily seen. 
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1 say “ (dmod any want of homogeneity/’ because, with one exception, I believe 
any kind can be detoctod, but I have met, very rarely, instances of one peculiar 
class of this defect winch it is not possible to detect till the disk is actually worked 
into an objective tins happens when a slight grudual change of density occurs be¬ 
tween two portions of tho disk 'with no abrupt line of separation bttwccq* 

Now this prod ^ though a very simple one to a practiHt d eyi, is by no means so 
to an uneducated c no , and I ha\ e often desned a method by which I could graphi¬ 
cally rcpiosent those faults so that I might be able to communicate to others my 
ideas as to their exact forms and appearance, position in the disk, and so forth, and 
also to form a record of them This, by a Aery simple contrivance I have succeed* d 
in doing, and I am now able to photograph these defects m optical glass with per¬ 
fect certainty 

A glance at the diagrum will suffice to show tho principle by which this is 
effeettd 

Fig 2 


Tho eye in the first instance (that of e>e obsenation, bg 1) is replaced m the 
second case (tig 2) by a photo-comeia, and, with a little care in adjusting the 
image of diaphragm illuminated by a lamp on the diaphragm of photo-lens, very 
excellent photographs cau bo obtained In fact the stop of the lens replaces the pupil 
of the eye, tho photo-lens the crystalline kns and the smsihzod plate the retina 
1 ho defects arising from want of homogi uuty in optical glass may be divided 
into three classes — 

1 1 bread*, or fine *eams of somo different quality of glass passing through the 
otherwise h mngetieou* disk, sometiuns insignificant, sometimes long, but very 
rarely of auj width these are of but littli importance 

2 Voins, or syrupy bands These aie poiturns of glass of differing and various 
densities not property amalgamated together 1 heir appearance is that produced 
by adding a strong bj rup solution to water 1 he forms ot these veins are sometimes 
very fantastic 

This form of deftet is >< ry dotnmenini to tho proper perfoimances of tho glass 
'Ird Sometimes, but very rarely (only four times in my experience), have I met 
with disks of glass having a donfuty sligntly different in different parts, without any 
well-defined line of demaicatiou between tho different parts This is most destruc¬ 
tive to its performance as an objective, and a m >st dangerous fault, for whereas in 
tho two formor cases the defects can be easily detected and even photographed, this 
thud defect defies detection until the disks be formed into an objective 
It is fortunate for opticians that tins last defect is of such rare occurrence 
The extreme usefulness of this simple deuce for photographing the defects in 
optical glass is self evident 

In the first place, faults can be doloctod by those wh< se eyes have not been suf¬ 
ficiently educated to pcrcuve them by tho old method, a rtcord can bo made of 
any lemaikable defects, their appeal once and form can be graphically repre¬ 
sented and described, and, lastly, it can be ascertained by this process whether the 
veins an closei to one or other surfaces and are capable of being removed by grind¬ 
ing, a point which w very difficult indeed to ascertain otherwise This lost infor¬ 
mation is obtained by photographing the faults and then grinding oft a small quan¬ 
tity, and rophotographing and comparing the photographs to see if any parts nave 
disappeared Many other useful purposes seem to be too self-evident to require 
mentioning 
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On the Decrease of Temperature tvxth Height on the Edith's Surface 
By Professor Hpnnebby, F R S 

If the air were perftctly still, the iuuptraturt at any point in tin utnumpheiL 
would depend on its density, the heat absoibtd turn the solar rajs, the heat rb 
tamed by convection from tho earth, and the 1 mts of heat by rndutiou 

01 these tho first has been almost exclusively considered Ilns is mutually si 
in all investigations for the ftsttrlainuitut ot lit jghU by tin baronn tu 1 ho extlu 
sion of tho other causes of vtiiiih in of tanpuutuie with height mav be adi nssibl 
m considering tho eonditi in of a \ i rtiuil column ol au lent mg on a h in/ ntal plane, 
but the problem assumes a very diilarent charsctt r wlitn the docrea^t of temptni- 
ture with height along a very gradually sloping surface is considered Such ft 
surface is constantly ommumuilmg its temperature by cunt turn emu ids to th 
overlying air, and tin t mpoutm ot tins an will dtpuul n tho extent film and 
phvsieal properties >t tho umluljmg suifmt It vve Nupj s a tint pi un t n the 
level of tho sta, an ob orver m a balloon at a height f f i.000 bet would find tin 
temperature almost unath t led by com Uion and dt pen h ut up n density ft n )\\ 
a steep mountain is supi nmj osul >n tho pi mi mid icaching to tin tl> iv r tin 
conditions become alteu d It a mountain ot a giadual si >pe b *mpenmp sod tin 
alteration will be still grader, and it Un entire plain vv ie elcvuttd up to 1000 
feet so as to foim an extensive tableland, the chnn 0 o i f onditions would bo \oi} 
remarkable 

It follows that the law of varmti m of tempeiatmc with height abo\e tho levtl 
of the sea cannot bo coimloml as umfoim Tin duniuxe is most rapid in going 
up through a vertical column of mr, os in hall ion usetnts It is *3o\\ei along 
mountain sides, and slowest along giadually si ipinig plains oi tabled units 
I rom an ixammatim of tho rtcouis of many obst nations it nppturs that the 
decrease of teinpeiatnio in hallo m naceuts is neaily one dt n re< I ftart nheit for 100 
feet, while foi tablelands it is so slow as from ">JO to 800 Itt t tor out degiee 

The authoi reterred to a number 1 1 observations mad m ditUicnt countries con¬ 
firming tho general conclusions to which ho has been led 


On the Dish (button of Temperature ot er the Jh itnh blanch 
By Professor Hinntsby, F R & 

The author referred to his former researches on tho distribution of temperature 
over islands surrounded by In at-beonng currents and his demonstration that many 
of the isothermal lines in such islands must necessanlv he closed curves* He had 
onjyinally illustrated his conclusions by the leaulta of observations token m the 
British Islands, and the isothermal lines laid down from such observations were 
found to be m peitect harmony with the law he hod proved In order to render 
this manifest he tabulated together the temperaturo of each, stating its latitude, 
longitude, height above the sea, and horizontal distance from tho marcst sea coast 
The actual temperature of any place is atiected by all of these foments In laving 
down the isothermal linos tho actual temperatures unaltertd by any so-called cor¬ 
rection for height were always employ td The stations vv t re arrange l occoiding to 
temperature, and thus isothermal gioups were immedmtelv di covi ted If the more 
recent collection of temperature usuits for th< British Islos compih d by Mr Buchan 
In th© Journal of the Scottish Mytcorological Society be heated in tins way and tho 
arbitrary and erroneous addition oi l 1 per every 300 feet in height bo omitted, his 
results will conform to the law enunciatod by the author 

# See Bnt Assoc Rep 1857 pt 2 p 30 Atlantis, 1 16.>8 np 303-41*? Phil Mag 
xw 1858, p 241 , Royal Society lVoc ix p 334 ' On the i awn which rcguluto tho 

Distribution of Isothermal Linos Atlantis, n p 301 American Journal of Suenee, xxvu 
p 328 Copies of tbe temperature maps are also partly reproduced m Report of Horti 
cultural Congress at London m I8G3 Journal oi the R Dublin Society vot for 1870-71 
Report of the Commission on Oyster Fisheries, 1871 
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S l tr ! * Ustya du TZ^volvu' ]b f utograplu(£UC cn Astronomic ct Biologic 
Ihj ])r J. J\tf8SJ-V, 

Photograph/** (In Pa wage de Vhi us t) Kobe, Jig Dr J. Jans^kn, 

S(nr b Mu age en Mer Bp Dr. J Janssen 

On >S tolar Photography, wit(h nfuence to thr History of the Solar Surface . 
jhf l)r J, J \nssen. 


On the Ellipse of the Sun observed at Sunn m Apnl 1877). 
By Dr J. Janssen. 


On Uutntton of tin JSane of J*olat ization by Reflection fom a Magnetic Pole. 
By Jufix Ktku, Jjft D y Matin tuaia d LuUuct of Un Lute Chu.ch framing 
College , Glasgow * 

In these experiments «, beam ot light is pnhui/ed by a first Nieol, reflected regu¬ 
larly from the end oi nil eleetiomagnetic core of soft iron, and analyzed by a second 
Nieol TJio magnetic force n concentrated intensely upon the mirror by means of 
a inassnn Avodge of toft non, A\huli is separated fiom il by a narrow chink. Tho 
light is incident upon the polar mirror at an angle of 00° to MF, tbo plane of 
polamatum coincides with tno piano of un kUiico f and the two Nicols are exactly 
crossed, so thut the leflncted light is extinguished by the second Nieol, 

First Fxpennmrt. — '\\ hen the iron mnror is intensely magnetized as N, pole or 
S pole, tlio light is distinctly rcstoicd from puro extinction, to disappear at once 
when the circuit of the magnetising current is broken 

Second Exya an nit —The first Nieol is turned irom its initial position thiough 
an extremely small angle—(1) to the right, (2) to the loft (hum tno point of inci¬ 
dence on the iron mirror as point of now), so that tho icfleeted light is restored 
\ery faintly through the second Nieol When tho mirror becomes an intense S. 
polo, the ejects of lotations (1) and (2) are strengthened and a\ eakenod rospectivoly; 
on the contrary, when tin mirror becomes an intense N pole, the effects of rota¬ 
tions (1) and (2) are weakened and strengthened respeotivelA 

In the tyvo remaining experiments the optical elleets of the preceding rotations 
(i) and (2) and of magnetizations S and N of the mirror arc* compensated sepa¬ 
rately Tho eompemator is a slip of plate-glass, held in a standard position between 
the minor and the second Nicul and strained by tho hands The angle of incidence 
is about 77)° 

Third Experiment —The first Nieol is turned fiom its initial position through au 
extremely small angle—(1) to the right, (2) to tho left, so that tho light is faintly 
restored from extinction by the second Nieol The e/loits of displacement (1) 
and (2) are compensated, down to pure extinction, by tension anu compression 
respectively 

Fourth Expcmnent —A repeinion of the first, Avilh addition of the compensator 
The effects of nmgnotizaUons >S, and N ot the mirror are compensated, down to 
pme extinction, by tension and compression respectively 

Tlia case of perpendicular incidence was tried carefully, but ga\c no good effect, 
the arrangements being comparatively imperfect From the facts observed, it fol¬ 
lows evidently that when a beam of "plane polarized light us inflected from a mag¬ 
netic pole, tho piano of polarization is turned in the process of reflexion—to tho 
iyt by a eouth-seeluug polo, to the right by a north-seeking pole, so that in this 

# A full recount of this invocation u given in tho Pbil Msg r May 1877 
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case of reflection from iron, as in most cases of transmission through salts of iron, 
the plane of polarisation is turned in a direction contrary to that of the magne¬ 
tising current. 

A Description of Spottiswoodc s Pocket Polarizing Apy(uatv< By W. Iadi>. 

On a Phenomenon of Metallic Reflection, By Frofessoi (x. Li SroaEs, 

The phenomenon which I am about to describe was observed ly me many yeais 
ago, and may not improbably ba\e been seen by others, but tis I lme ueiei emi 
any notice of it, and it is in some respects very remaikablc, I think that a desenp- 
tion of it -will not bo unacceptable 

When Newton’s rings are formed between a lens and a plftto of metal, and are 
viewed by light polarized perpendicularly to the plane of incidence, wo know 
that, as the angle of incidence is increased, the rings, which nre at first dnrk- 
ccntred, disappear on passing the polarizing anglo of the glass, and then reappear 
white-centred, in which state they remain irp to a grazing incidence, when they can 
no longer be followed At a high incidence tho first mult ling is much the most 
conspicuous of the series 

To follow the rings beyond the limit of total intcimil icfleetion we must employ 
a pmm When the rings formed between glass nnd glass me wewed in tins way, 
we know that as tho anglo of incidence is increased the rings one by one open out, 
uniting with bonds of tne same respective ordeis which are been beneath the limit 
of total internal reflection , the limit or boundary between total and partial reflection 
passes down beneath the point of contact, and the central dark spot is left isolated 
in a bright field 

Now when the rings are formed between a pi ism with a slightly com ex bn so 
and a plate of siher, and the angle of incidence j» increased so ns to pass the en- 
ticol angle, if common light be used, in lieu of a simple spot we htue a ling, which 
becomes more conspicuous at a certain angle of incidence well beyond the critical 
angle, after which it rapidly contract* and pusses into a spot 

As thus viewed the ring la, however, somewhat confused. To study the pheno¬ 
menon in its purity we must employ polarized light, or, which is more comeuieut, 
analyze tho reflected light by means of a NicoTs pnsm 

When Mowed by light polarized in the piano of incidence, the rings show nothing 
remarkable. They are naturally weaker than with glass, as the interfering streams 
are so unequal in intensity. They are black-centred throughout, and, as with glass, 
they open out one after another on approaching the hnut of total icfleetion and 
disappear, leading the central spot isolated in the bright field beyond tho hnut 
The spot appears to be notably smaller than with glass under like conditions. 

With light polarized perpendicularly to the plane of incidence, tho rings pass 
from dark-centred to bnght-centred on passing the polarizing angle of tho glass, 
and open out as they approach the limit of total reflection The hist dark ring to 
disappear is not, however, tho first, but the second. The first, corresponding in 
order to the first bright nng within tho polarizing angle of tho glass remains iso¬ 
lated in the bright field, enclosing a relatively, though not absoluteh, bright spot. 
At the centre of the spot the glass and metal are in optical contact, and tho reflection 
takes place accordingly and ie not total The dark nn$, too, is not absolutely 
black. As the angle of internal incidence increases by a few degrees, tho dark ring 
undergoes a rapid and remarkable change. Its intensity increases till (in the case 
of silver) the ring becomes sensibly block j then it rapidly contracts, squeezing out, 
m it were, the bright central spot, and forming itself & dark spot, larger than with 
glass, isolated in the bright field W hen at its be*t it is distinctly seen to be 
fringed with colour, Wuo outside, red inside (especially the former), showing that 
the scale of the nng depends on the wave-length, being greater for tbe less refran¬ 
gible colours. This rapid alteration taking place well beyond the critical angle is 
very remarkable. Clearly thero is a rapid cnange in tbe reflective properties of tho 
metal, which takes place, so to speak, in passing through a certain angle determined 
hy a sine greater than unity. 

1870 . 
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I hav e described the phenomenon with silver, which shows it best, but speculum* 
metal, gold, and copper show it very well, while with steel it is far less conspicuous 
When the coloured metals gold and (opper are t xanuned by the light of a pure 
spectrum, the ring is seen to be better formed in the has than m the more reiran- 
gible colours, being moie intenge when at its beat, while with silver and speculum- 
metal there in little difference, except as t > size, in the different colours Heematita 
and iron pyrites, which approach the metals in c pac ity and in the change of phase 
which t Ik v pi oduce by rcflccti m of light p darized paialftlnlatn ely to light polarized 
perpendicularly to the plane cf incidence do not exactly foim a ring isolated in a 
bright field but tin spot seen with light polari7( d perpendicularly to the plane of 
incidence 13 abnormally brmd jiM about the hunt ot total reflection, and rapidly 
contioctH on incuasing the angle of incidence 

It setrmd to me that a Hequuic* nm^ be traced from the rapidly contracting 
rings of diamond scon in passing the p darning angle ot that subBtAme through the 
abnoimallv hiottd and iapidl> c >ntiacting apot scon with iron pyrites just about 
the limit ot t dal reflection and tho somewhat inconspicuous ling of stool seen a 
little beyond the limit to tho intense rapidly contracting ring of sihoi seen consi¬ 
derably beyond the limit Tf so, the full the ory of the ring will not be contained 
in the usually accepted foimulno f^r metallic r< diction mouih d, as in the case of 
transparent substances, in ati 01 dance with the eircumstance that tho incidence oil 
the fust surface of the plate of air is hi vond that of total reflection 

MacCullagh was tho hist to obtain th< formula, for metallic 11 flection showing 
that they ivtie to be dedui ed horn Irtsnels formulae) h> making the refractne 
index a mixed imaginary, though they are usually attiibutfd to Cauchy, who 
has gi\en formulae diffmng firm those of Moc( ultagh merely in algibniK detail 
As rounds Ihoiy Cauchy nindt an important adyance on what MacCullagh had 
done in connecting the peculiar optic il pioperties of metals with their intense ab¬ 
sorbing powci * Now In su 1 s f 01 mul o do not include tin phenomena discoyered 
by Sir CJeo^ge Airy which aro seen in passing the polarizing angle of diamond, 
and which have been more recently extended bv M latum to the generality of 
transpaient substances and if these pass by regular sequence to those I have de¬ 
scribed as seen with metals beyond tlie limit of total internal reflection, it follows 
that the latter would not be completely embraced in tho application of Fresnel's 
formulae, modified to suit an intensely absorbing substance and an angle of inci¬ 
dence given bv a sine greater than unity t 


Elfothicity 

On thf Contact Theory of Voltaic Action By Professors Ayrton and Pi 
On a now Form of Electrometer By Pi of J Dfwar, F US E, 


On a Mechanical llluMiation of Electric Indiation and Conduction 
By Oliver J IjOdgl, B Sc 

The paper describes the construction of a model which illustrates Prof Clerk 
Maxwell's theory of electric action on the hypothesis of stress in a dielectric me- 

* The apparent difference between MocCullagh and Cauchy as to the values of the 
refractive indices of metals is merelj a q i©ation of arbitrary nomenclature 

t It was long ago ohserved both by Professor MaiCullngh and Dr Lloyd that when 
Newton a rings are formed between a glass lens and a metallic plate the first dark nng sur¬ 
rounding the central spot which is comparatively bright remains constantly of the same 
sue at high moidenoes although the other rings like Newtons rings formed between two 
glass lenses dilate greatly as the incidence becomes more oblique See Proceedings of the 
Royal Irish Academy \ol 1 p 6 



TRANSACTION* OF TBS SECTIONS. 


43 


dium, and which consists essentially of an endless cord passing; with friction 
through buttons supported on elastic strings By altering the relation between the 
friction and the elasticity of different parts, it can be mode to exhibit very com¬ 
pletely the phenomena observed when an electromotive force la made to act —(1) 
between tbe ends of a metal wire, (2) through an electrolytic liquid when it 
illustrates the convection of electricity by the cathion and the polarization of the 
electrode , (3) in an accumulator with perfectly insulating dielectric, when it shows 
the polarization of the dielectric, the displacement ot electricity in the direction of 
the force, the tension along the lines of force, occasional possible disruptive dis¬ 
charge, and consequent possible internal chaigo (4) across a dielectric which is 
homogeneous,but has a slight conducting power, showing in this case a continuous 
ordinary conduction-current, in addition to the variations of electnc displacement, 
^5) across a non-homoganeouH or stratified dielectric in which a * residual chaigo ’ 
is possible If made of proper materials, the model wmld exhibit this residual 
charge quanlitatnt ly as well as qualitatively , and, in fact, the investigation “On 
the Theory of a Composite Dieler trie (in arts 323 330 of Maxwell s 4 Flectncity ) 
would apply to it with little modification It further illustrates incidentally the 
action ot a voltaic cell and of a subtnarm i cablo 


On a Mechanical IUmtiation of Thermoelectric Phenomena 
ByOnsenJ Lodul, B Sc 

The model which illustrates metallic conduction in the preceding communica¬ 
tion is supposed to be modified so that all the buttons execute veiy rapid isochro¬ 
nous simple harmonic motions, sliding to and fro on tho cord The rale of cooling 
of a body placed in an enclosure at absolute zero is then seen to be proportional to 
tbe absolute temperature of tbe body, and to depend on l is spocihc electrical resist¬ 
ance The electric condition of tourmaline is explained by an hypothesis as to the 
nature of its internal structure ? and the amount of heat generated by an electric 
current passing through a metallic conductor is deduced in accordance with Joule’s 
law An hypothesis is then started as to the nature of tho internal actions at a 
junction either of two different metals at the same temperatur* or of two parts of 
the same metal at different temperatures , and, on the strength of this hvpothenie, 
electromotive force produced by contact, the Peltier eflect, and Thomson’s electric 
convection of heat are all llluatratod The exact laws which have W n experi¬ 
mentally established for these eftecta may possibly be daducible from considerations 
founded on the model, but this has not yet been properly done* 


On the Protection of Building* from Ln/htnmg 
By Professor J. Clekk Maxwell, FR S 

Most of those who have given directions for the construction of lightning- 
conductors hate paid great attention to the upper and lower extremities of the 
conductor They recommond that the upper extremity of the conductor should 
extend somewhat above the highest part of the building to be protected, and that 
it should terminate in a sharp point, and that the lower extremity should be ear¬ 
ned as far m possible into the conducting strata of the ground, so as to ^ make ” 
what telegrapn engineers call u a good earth ’ 

The electncal effect of such an arrangement is to tap, as it were, the gathering 
charge, by facilitating a quiet discharge between the atmospheric accumulation and 
the earth. The erection of the conductor will cause a somewhat greater number 
of discharges to occur at the place than would have occurred if it had not been 
erected, but each of theso discharges will be smaller than tho*e which would have 
occurred without the conductoi It is probable, also, that fewer discharges will 
occur in the region surrounding the conductor It appears to me that these arrange¬ 
ments are calculated rather tor the benefit of the surrounding countiy, and for the 

* These two papers are published, with some additions in the Phil Mag ser 5, vol lu 
pp 353 and 524 
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relief of clouds labounng undei an accumulation of electricity, than for the pro¬ 
tection of the building on which the conductor is erected 
"V\ hat we really wish is to pre\ ent the possibility of an electric discharge taking 
place within a certain region, bay, the inside of a gunpowder manufactory 
If this is clearly laid down as our object, the method of securing it is equally 
clear 

An oketne discharge cannot occur between two bodies unless the difleience of 
their potentials is Ruihciently gnat compmod with the distance between them ff, 
therelore, we can keep the potentials of nil bodies within a certain rtgion equal 01 
marly equal, no discharge will take place between them \\c may secure tins by 
connecting all these bodios by moans of good conductors, such as copper wire ropcB, 
but it is not necessaiy lo do so, for it may be shown by exptnineut that if e^ry 
part of tho eurfaco surrounding a certain region is at the same potential, imry 
point within that region must bo at the same potential, prowded no chaiged body 
is plac< d witlim the ngion 

It would thcitfon bt suffiennt t) surround our powdei mill with a conducting 
m itcriftl (to sheathe its loot walk, and ground flooi with thnk shett-copper) and 
then no chctnuil dlul could occui within it on account if any thunder-storm 
t ut^ide 

lime would bo no rued of anv em Hi connexion A\ c might o\en plau a layer 
of asphalt between th( copper Ilf >r and the ground, so as to insulate the building 
If the mill wuc then shuck with lightning, it would mnain clnrgid foi some 
time, aud a person standing <n the giound outside and tiudung tho wall might 
leceivo a shock but no ikctncnl t iffct would be p< reeived insidL, t v(n on tho most 
delicate eleoLioinetei I he potuilial of c\ eiy thing inside with respect to the earth, 
would be suddenh lftis^d or lowered, as the cast might he hut electric potential 
11 not a phy steal condition but only a mathematical conception, so that no physical 
t fleet could be percen t d 

It is therefore not necessary to connect large masses of metal, such as engines, 
tanks, Ac to the walls, if they aie entiri ly within the building 
If, how ever, any conductor, such as a tolograph-wne or a motallic supply-pipe for 
water or gas, comes into the building tiom without, the potential ot this conductoi 
may be difh rent fiom that of the building, unless it is connected with the conducting 
shell of the building Hence tho water or gas supply-pipes, if any enter the building, 
must be connected to the system of lightning-conductors , and since to connect a 
telegraph-wire with the conductor would render the telegraph useless, no telegraph 
from without should be allowed to enter a powder-mill, though there may bo elec¬ 
tric bells and other telegraphic apparatus entirely within the building 
I ha\e supposed the pow der-mill to be entirely sheathed in thick shoot-copper 
Tins, howeyer, is by no rnrans massary in order to prey ent any sensible electric 
effect taking place within it supposing it struck by lightning It is quite sufficient 
to enclose tho building with a network of a good conducting substance For in¬ 
stance, if a copper wire, sav No 4, B W G (0 2T8 inch in diameter), wore carried 
round the foundation of a liou«o, up each of the comers and gables, and along the 
ndges, this would probably be a sufficient protection for an ordinary building 
agmnst any thunder-storm in this climate The copper wire may be built into the 
wall to prevent theft, but it should be connected to anv outside metal, such as 
lead or zinc on tho roof, and to mt tal rain-w ateT pipes 
In the case of a powder-mill, it might be advisable to make the network closer 
by carrying one or two additional wires o\ or the roof and down the walls to the wire 
at the foundation If there aio w*ater- or gas-pipts which enter the building from 
without, these must be connected with the system of conducting-wires, but if there 
aro no such metallic connexions with distant points, it is not necessary to take ahy 
pains to facilitate the escape of the electricity into the earths 
It is desirable, however, to provide for the safety not only of the building itself, 
but of the system of conductors which protects it Ibo only parts of this system 
which are in any danger aro the points where the electricity enters and leaves it 
If, therefore, the system terminates above in a tall rod with a sharp point, and 
downwards in an “earth wire,” the external discharge will be almost certain to 
occur nt the ends of these electrodes, and the only possible damage will be tho loss 
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of a few particles from their extremities, but even if the rod and wire were de¬ 
stroyed altogether, the building would still be safe. 


On Compass Correction in Iron Ship*, By Sir AV. Thomson, DJ/.L , F It S, 


Effect* of fitters on the Magnetization of lion 
By Sir W. Thomson, !)X\L. y F.U 


On Oontatt Ehitncity, By Sir W, Thomson, D.C.L . F It S 


Acoustics, 

On the Conditions of the Tiansformation of Pendulum- Vth) aiwns , mfh an 
experimental illustration. By It, ]1. M. Bosvnuiet, Fellow of tit r John s 
College, Oxford* 

Under certain circumstance*, n pondulum-vibrafcion of given period can give n*e 
to impulses which support vibmtions whose periods ore j, \, . . of the period 
of the original vibration Tho conditions undoi which this takes place are of 
interest. 

“Wheatstone onunciated the following as an experimental law —A periodic im¬ 
pulse coil sustain vibration* whoso frequencies are multiples of that of tho impulse. 
This was sup polled by an experiment in which tho harmonics of a Jew’s harp 
are obtained from it by an adjustable resonator. But ft general law cannot be 
proved by a particular experiment. 

An experiment was adduced in contradiction of thn generality of the above law 
It can bo shown that the stopped pipes of the organ aio incapable of supporting the 
vibration of resonators tuned to their octavo and double octave, while open pipes 
are capable of doing so. 

As the result of mechanic al theory, the law may be enunciated that no pcndiilura- 
vibration can be maintained iu a vibrating system, unless the acting forces contain 
impulses of the same penod as the vibration maintained 
The experiments commonly shown, m winch a simple pendulum-vibration is 
made to support its harmonics, generally depend on a transformation of the vibra¬ 
tion in the transmission of tho impulso. Tne apparatus exhibited forms a type of 
the general process of transformation by tin nemission. 

A metronome vibrating seconds furnishes the fundamental vibration a number 
of small pendulums vibrate 2, iJ, 4, 5, 6, 7, and 8 times in a second. By making 
connexions between the xnetronomo and the pendulums with elastic cord in diffe¬ 
rent ways, the different kinds of transmission (with and without transformation) 
can bo illustrated, 

When the cord vs tight, tho impulses aro transmitted without tiansformatiun ; 
when the cord goes slack during the vibration, tho impulses are transformed into a 
•ewes of pulls. In the first case the small pendulums ore not affected, in the second 
they are generally set m vibration. 

The following points are illustrated bv the experiment with the partly slack cord, 
where the impulses constitute a senes of pulls *— 

The common exposition of tho theory of musical sounds, in winch the impulses 
Mfc compared to the blows of a hammer, really makes a very coniplox effect the 
basis of operations The notes thus constructed differ from simple musical tones in 
having the power of supporting the vibrations of their harmonica. 

The com of the notes of the siren and the harmonium, in which the sound vs 
produced by a series of jets of air, are illustrated by the same experiment 
An experiment of Prof, Mayer's, for the analysis of the Bound of a reed pipe, by 
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attaching a Vibrating portion of it to timing-forks, was discussed It was shown 
that thtt.jnode of transmission is such as to lead to transformation, whereby the 
jUudyelB ia vitiated 

Mr J Rulhe Hamilton s experiment, m which an harmonium reed is made to 
support the vibrations of a wire a mnding its harmonics without actual attachment, 
was shown to be a eftfie jf trails formation 

The production f harmonics By resonance from the Jew a harp or hanuonuuu- 
reeda without wind was discussed and it was shown that they may be regarded 
as giving- nso to dim mtinuous impulses at tho moment when they oloee the open¬ 
ings in which they tit 

It was then shown how a sents of discontinuous impulses may be expressed 
mathematical^ and from the fact that the txpresai ms involve pendulum vibrations 
torn spending to tho harmonics it was shown to follow that harmonic vibrations 
may be ext ited by such ft si ru s of imp dees 

The nature of the modification tho expressions require for application to the siren 
was pointed jut and it-was thus explained how tnc siien tone tomes to involve 
harmonics of c nniderablo intensity 

We now come to the problem of transformation of simple Bound vibrations by 
transmission through air 

An experiment was described in which a large tuning fork was presented to a 
senes of resonators (organ pipes) tuned to its harmonics the result was that, with 
the fork alone, they weie an tible up to the tierce mclusn o (harmonic ot hfth order), 
and with a disk of wood fastened on to the prong they were audible up to tho 
harmonic seventh inclusive 

A mathematical investigation of the transformation of simple vibrations in air 
was then earned out, and applied to tho abne experiment It results that for tho 
hfth harmonic of the fork, which was clearly heard, the flow of energy should be 
approximately 

„ * „ foot pounds per second 

2x 10 M r ^ 

This seeming extraordinarily minute an experiment was made with a small tuning- 
fork of about the same pitch as the hfth harmonic above mentioned Ihe time of 
diminution of the amplitude to t?y was observed and the initial amplitude From 
this the amplitude was cab dated at the subsequent time when the sound just 
ceased to be audible The flow of energy per second at this point was estimated 
approximately at 

4X10“ f00t P ° Und *' 

which agrees pretty well with the above number deduced from theory 

It was then pointed out that the intensity due to a given flow of energy is diffe¬ 
rent in different parts of the scale Helmholtz has remarked this (p 284 of Fllis's 
Helmholtz), ana, in a paper m the Philosophical Magazine (Nov 1872), the writer 
showed that, if we admit that in Bimilar organ-pipes similar proportions of the 
energy of the wind supplied arc converted into sound, the mechanical energy of 
notes of given intensity vanes inversely as the vibration number a law in accordance 
with the indications given by Helmholtz 

Tho theory was then applied to ascertain the extent of the development of har¬ 
monics m a tubular resonator tuned to the fundamental Such development turns 
out to be very considerable In consequence of this we cannot generally assume 
that the notes produced by resonators are simple tones The bearing of this on a 
recent important paper of Koenig a was alluded to 


True Intonation, illustrated by the Voice-Harmonium with Natural Finger* 

| board By Colin Brown 

A senes of harmonics forms an arithmetical progression, the number of tho 
ubiations between any consecutive members of the senes being equal The vibra¬ 
tions rapidly increase in velocity in the higher harmonics, while the musical Inter- 
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Vftls as rapidly decrease the same number of vibration** which between the 1st and 
2nd steps of the harmonic stnes produce an octavo, between 2nd and 3rd step a 
fifth, between the 4th and 6th steps a major third, between the 16th and 16th steps 
produce only a diatonic semitone, and so onwaids beyond the utngn of musical 
computation 

T mtrast with this harmonic series of sounds, which is simple arithmetical, 
and perfectly leg dar wi have the scries of the musical scale whi h is compound, 
geometrical, and hj imgular that two tones or steps of equal vibiatmns cannot 
musically miccctd each other Of tin 48 sounds iu the hanuomc stnes 22 are 
coincident with the musu »1 serifs, and 20 are not coincident 

Of these 22 coincidences, the not, a lowest souti l »f the harmonic series, 
occurs as— 


The 4th sound of tho musical scalo 
1 he 1st sound or Lome, occurs 


fhe <5th 
( Ik 5th 
The 3rd 
3 lie 2nd 
lhc 7th 


if the scale 


0 times 


5 

4 

3 

2 

1 

L 


Ln all 


22 


Of these 22 coincidences between the harmonic serii s and the musical series, the 
last are the numbers 24, 27, 30, 42, J6, 40, 45, and 48, which form the relations of 
the musu al scale 

This full harmonic senes can only bo built upon Fa, or the 4th of the musical 
scale as its root, and the first power of ha, 10$ (as it appears in the lowest senes 
of the musical scale 8, 0, JO, 10$ 12, 1 ^ 11, 16) is the common multiplier and 
divisor ot the vibralims ot all the soundsof the musical s< ale Thus m tne octave 
from tenor L upwards the vibrations are — 

CllF 1 P G A HC 

250, 288, 320, 341$, 384, 42fi$, 480, 512 

These, divided by the hist power of la, oi the 4th t f the musical scale (say 10$), 
give 21, 27, 40, \2 36 40 45, 48, bt ing the figures of the music al scale with 
which th< harm mic senes < loses 

In this harmonic series the 8th 0th, and 10th tom s or steps following m diatonic 
succession are the 1st 2nd, and trd t >ncs if tin musical scale, and the 15th and 16th 
are the 7th and 8th of the musical scale 

These figures gut us the first or lowest rt lations of the musical seal , 8 0, 0 10, 
and 15 16 — 

The large step or touo of 8 0 occurs 3 times 

lhe less „ ,, 0 10 , 2 , 

3 he small „ , 15 16 „ 2 , 


Within the octavo, m all 7 step* or tones 

These relations of the tones or sti p« of the scale ere alw at s the same iu every key 
C. =512 vibrations, is common to tho keys of B[; I (\ and U and the 7th or 
diatonic semitone bebw, =480 vibrations ;s comn ou to the luvs ot ( , <4, and l), 
•o with every musicnl tone J nth of tfiphe is rtpiesenUd by a digital ujon the 
natural finger-board of the authoi’s voice horruoi mm 
For distinction the digitals repr*s* nting tout s con m n to 4 keys aie white those to 
3 keys are coloured tho 1st, 2nd, 4th and 5th tonus of the si-alo in eveiy key are 
white, and the 3rd, 6th, and 7th are col mu d 
In every key, looking nl<mq the hngefboanl tho progression of tho scale is the 
same —8 U, 0 10, 16 16, 8 0 0 10, 8 0 15 10 Irom white digital to 
white, or from coloured to coloured, there is alwavs the larpo step or tope of tho 
•Cale 8 0, from white to colomed always the less tone ot the scale 0 10, and 
from coloured to white always the small step or tone 15 16, the diatonic semitone. 
Looking ucrou the finger Ik ard at the digitals endwise, from the end of each white 
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digital to the end of the coloured immediately above it m direct hue there is 
always the chiomatic semitone of 128 135, and from the end of each coloured 
digital to the end of tho white immediately above tko comma of 80 81 always 
appeal’s 

Between each white or flat note, ns E[>, and each coloured or sharp note, as I)#, 
at the distance of six romov e« looking act os* the diagram or finger-board, the schisma 
of the scale is al\vft)S found, 32 708 *12,805 

The only otlur illation of tho scale is repieseutod by a round digital on tho 
finger-boaid nnd by 7 minat on the diagram , it is tuuea as 10 10 to the Oth of 
the mR)oi sealt and supplies tho sharpened 7th and Oth tones of the modtm miuoi 
scale it also gives the imperfect chromatic aemitono of 24 25 in relation to tko 
5th of the maior scab 

Ibis hnger-board is tenued"natural because no extra digitals like tho five bl ick 
digitals of the ordinary keyboard are required to produce the chromatic tones 
Lvery colouied digital is sharp in relation to the white below it and t veiy wluto 
digital is flat in relation to the coloured above it, tho relation being alwajs 128 135 
On this fingci board only l musical relations, viz 8 0, 0 10,15 0, aud 128 136, 
me fnmd, and 3 musical differences, vi/ 24 25,80 81, and 32,788 32,805 

Vll the larger intervals of tho soak are formed by adding 8 0, 0 10, and 15 1(J 
togetlu i and oil tbo miinllei intervals arc produced by eubtiacling or div iding 
tluse thus — 

^ 0 kss 15 Iff w 128 135, tho chromatic semitone , 

M 10 , 15 1(1 cs 24 25, the imperfect chromatic seuntono, 

8 0, 0 10 = 80 81, the comma, and 

SO, 0 10 = 128 135, which being 

squaiul md dmded bv 0 10, gnes the schisma 32,708 32,805 Tims all the in- 
teivals find lclutions of tin musical scale proceed from tin three sirnplo elements. 
8 0,0 10, and 15 If. 

By ndding a comma and ft schisma togethi r, the comma of Py thngoras is produced 
11ns is always found between ke\s changed enharmomcally, as from 0(j to B 
Ihc three senes of digitals upon this finger-board, white, coloured and round, are 
very easily tuned by ixrfcct fifths throughout, and connected together by major 
thirds J ho tuning is diagonal, producing every interval perfectly in its |roper place 
Tumd in this way, tins instrument (within its range or compass) is mathemati¬ 
cally and musically perfect, without compromise or approximation of any kind, and 
requiting nutlicx equations, decimals, nor logarithms to oxplmn it It is v cry easily 
plnyul upon* 


On a Ptcuhcal Method of Ttmmr/ a Major Third 
Jit/ ^ir \V Thomson, D V L , F118. 


Iastulmekts, &c 

On a Vann of Gasholde i gn my a untfot m Flow of Gas By Prof Barrett. 

Diaqiarns and Dewiption of the neiv Lectin c-Table fot Physical Demonstrate 
in the 1 loyal College of Science for Ireland By Prof. Barrett 


v Forms of Apparatus fot the Experimental Illustration of the Frpan- 
sion of Solids by Heat By Prof B\ruftt. 


| * The principles of construction tuning, &c of the vote* harmonium will be found 
fully expUmod In ‘ Music in Common Things,’ part n, Collins and Oo Loi don, Edin¬ 
burgh and Glnsgow 
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On a Modification of the Spring A Pump, and a new Form of Vacuum-Tap 
By 0 H Oimirgham 


On new ytandauh o f Measure an l Weight By Prof Ht'NNISsy, F11 S 


On a ne v lor » of Thermometer for obsemng Earth Tempt) atm e 
By G J bruoNs 


On an UnnustalaUe True North Comjiaxs By (/ J Suiona 

The author sail that it was not generally kn)wn, except to nautical and to 
scientific men, that Iho conq asses usually sold did n<t point to the true Noith or 
South Pole of the earth The magnetic Fob , to which all compass net dies pointed, 
was n>t llentuAl with the geographical pole, which was the north point of 
maps The variation of the needP was considerable, and was no d ubt often 
the cause of tourists 1 sing thur way Ihe diSerenco between true and magnetic 
north was not the sanu in all paita of the Lniled Kingdom, and d fortiori m oil 
parts of the glolie, noi was it absolutely tho same fioni jear to year One of tho 
advantages of them matrumeuts was their pointing to the true north, th j other 
was their* unmistakablenc 1 ^ fhtac c impawses weie corrected for ubo in the United 
Kingdom, but could be adapted to any specified locality in any part of tho world 


On a new Foun of Astronomical Clod with Fite Penhdum an l Indepen¬ 
dently Governed Uniform Motion for Excapement u heel By Sir W 
Thomson, D C F , Jb R 8 

The object of this communication was to explain to members of the Association 
and give them an opportunity of seeing in the authors house m the University a 
clock whuh had boeu described in a c )mmum< ation to the Hoyal Society m 1869, 
entitlod “On a New Astronomical Clock and a Pendulum Governor for Uniform 
Motion The following descuption is taken fiom the 'Proceedings of the Royal 
Society for I860 except a few alterations and additions and the drawings, which 
have not been hitherto pubhshod — 

It seems strange that tho dead beat escapement should still hold its place m the 
astronomical clock, when its geouu trical tranaf rmatiou the cylinder escapement 
of the same inventor, Graham, only survives in Geneva watches of the cheaper class 
Tor better portable lime-keepors it has been altered through the virions rack-and- 
puuon movement into the superlatively good detached lever If it is possible to 
make astronomical clocks go better than at present by merely giving them a better 
escapement it is quite certain that one on the same principle as the dotsebed lever, 
or as Eamshaw s ship-chronometer escapement, would improve their time-keeping 
But tho irregularities hitherto tolerated in astronomical clocks may bo due more 
to the faultinoss of the steel and mercury compensation pendulum, with its loosely 
attached glass jar, and of the modo in which it n hungj and of tho instability of 
the supporting clock case or framework, than to imperfection of the escapement 
and the gu atness of the arc of vibration which it requires, therefore it would be 
wrong to expect confidently much improvement m the time-keeping merely from 
improvement of tho escapement I have therefore endeavoured to improve both 
the compensation for change of temperature in the pendulum and the mode of its 
support, in a clock which I have recently made with an escapement on a new prin¬ 
ciple, m which the simplicity of the dead-beat escapement of Graham is retained, 
•while its great defect, the stopping of the whole tram of wheels by pressure of a 
tooth upon a surface moving with the pendulum, is remedied 
Imagine the escapement-wheel of a common dead-beat clock to be mounted on a 
Collar fitting easily upon a shaft instead of being rigidly attached to it Let friction 
be properly applied between the shaft and the collar, so that the wheel shall be 
earned round by the shaft unless resisted by a force exceeding some small definite 
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•mount, and lot a governor giving uniform motion beappln 

work connected with thu shaft, and ao adjusted that, when the escapement-wheel 


percentage 
heel, thus i 


than it must move to koe 
mounted and carried roum 


i 


ib unresisted, it will move faster by a small 
tame properly, Now let the escapement-w 
act upon the escapement, just as it does in the ordinaiy cloik It will keep the 
pendulum vibrating, and will, just as in the ordinal) clock, be held back eveiy 
time it touches the escapement during the interval required to set it right again 
from having gone too fast during the preceding interval of motion But m the 
ordmor) cluck the interval of rot is considerable, genuially greater than the inter¬ 
val of motion In the new clock it is equal to a small fiaction of the interval of 
motion-—in the clock as now walking, but to lx* reduced probably to something 
much smaller yet The simplest appliance to count the turns of this escapement- 
wheel (a worm, for instance, working upon a wheel with thirty teeth, carrying a 
hand round, which will correspond to the seconds hand of the clock) completes the 
instrument, for minute-and hour-hands area superfluity in an astronomical clock 
In various trials which I have made since the year when this plan of es¬ 
capement first occurred to me, I have used several different forms, all answering to 
the preceding description, although differing widely in their geometrical and me¬ 
chanical characters In nil of them the escapement-wheel is reduced to a single 
tooth or nrm, to dimmish as much as possible the moment of inertia of the mass 
stopped by tbo pendulum This arm revolves in the period of the pendulum (two 
seconds for a seconds pendulum), or some multiple of it Thus the pendu¬ 
lum may execute many complete periods of vibration without being touched 
by the escapement In all mv trials the pallets have been attoched to the bottom 
of the pendulum, projecting below it, in order that satisfactory action with a very 
small arc of vibratiou (not more on each side than of the ladius, or 1 centi¬ 
metre for the seconds pendulum) may be secured 

In the clock in my house the seconds pendulum of the fine movement vibratos with 
great constant y through half a millimetre, that is to say, through an arc of of the 
radian on each side of the vertical. This, I believe, is the smallest raime that has 
hitherto been realized in any seconds pendulum of au astronomical or other clock. 
In the drawing h represents the vertical 
escapement-shaft, round which is fitted luosely 
the collar r, carrying the worm v The 
small wheel, d , is worked by v, and carries 
round the seconds hand of the clock, a rt pre¬ 
sents ft piece of fine steel wire, being tho single 
arm to which the teeth of the escapement- 
wheel are reduced in the clock described in 
this paper, pp the paTeta attached to bars 
projecting downwards lrom the bob, B, of the 
pendulum, /, a toot bearing the weight of the 
collar^woim and escapement-tooth The bar 
connecting/ with the collar is of such a length 
as to ffive a piopcr moment to the fnctional 
force by*which the collar is earned round 
The shaft * carries a wheel, represented in 
section by tow , which is driven by a tnuu of 
wheel-work (not shown in the drawing) fiom 
the governor. This wheel is made to go J 
per cent faster than once round in two seconds, 
while the pendulum prevents the collar from 
going round more than onco in two seconds 
My trials were rendered practically abortive 
from 1806 until a few months ago by the 
difficulty of obtaining a satisfactory governor 
fojr the uniform motion of the escajement- 
lhaft, this difficulty iB quite overcome in the 
pendulum governor, which I now proceed to 
describe. 
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Imagine a pendulum with tingle tooth escapement mounted on a collar loose ott 
the escapement-shaft just as described above, the shaft being vertical in this case 
also A square-threaded screw is cut on the upper quarter of the length of 
the shaft) tnw being tho part of it on which the eecapement-eollar works, and a 
pin fixed to the collar projects inwards to the furrow of the screw, so that, it tho 
collar is turned relatively to the shaft, it will bo carried along as the nut of a screw, 
but with less Inction than an ordinary nut Below the screw and long nut-collar 
three-quarters of tho length of the escapement-eh aft is surrounded by a tube which 
by wheel-woik is earned round about 5 per cent faster than the central shaft 
lliii outer shaft, by means of friction produced by tho pressure of proper springs, 
carries the nut-collar round along with it, except when the escapement-tooth is 
stopped by either of the pallets attached to the pendulum A stiff cross-piece 
(like the head of a T), projecting each way from the top of the tubular shaft, carries, 
hanging down from it, the governing mosses of a centrifugal friction governor 
These masses are drawn towoids the axis by springs, the inner ends of which are 
acted on by the nut-collar, so that the higher or the lowei the latter is iu its range 
the springs pull the massea inwards with l<*ss or more force A hied metal nng 
coaxial with the mam shaft holds the governing masses in when thoir centrifugal 
forces exceed the forces of the springs, and resists the motion by forces of friction 
increasing approximately in simple proportion to the excess of the speed above that 
which just balances the forces ot tlie springs As long os the eecapement-tooth 
is unresisted the nut-collar is earned round with the quicker motion of the outer 
tubular shaft, and so it screws \tpuaids, diminishing the force of the springs Once 
every semipeuod of the pendulum it is htld back bv eithei pallet, ana the nutrcol- 
lar screws dwm as much as it rose during the preceding mt* rval of freedom, when 
the action is regular, and the central or main escapement shaft turns m the same 
period as the tooth, being the period of the pendulum It through increase or 
diminution of the daiving-power, or diminution oi increase of the coefficient of 
friction between the governing masses and the nng on which they press, the shaft 
tends to turn faster or slower, the nut-collar works its way down or up the smew, 
uutil the governor is again regulated, and gives the wane speed in the altered cir¬ 
cumstances It is easy to arrange that ft large amount of legulating power shall 
be implied in a single turn ot the nut-collar relatively to the central shaft, and yet 
that the periodic application and removal of about of this amount m the half- 
penod of the pendulum shall cause but a vety small periodic venation in the speed 
The latter important condition is secured by the great moment of inertia of the 
governing masses themselves round the main shaft My communication to the 
Koval Society ended aa follows — 

“I hope after a few months trial to be able to present a satisfactory report of the 
performance of the clock now completed according to the pnutiphs explained 
above As many of the details of execution ruay become mo allied after practical 
tnal, it is unnecessary that I should describe them minutely at pres* nt Its general 
appearance, and the arrangement of its characteristic parts, may bo understood 
from the photograph now laid before the Society ’ 

I am sorry to say that the hope here expressed has not hitherto been realized 
Year after year passed producing only more or less of radical reform in various me¬ 
chanical details of the governor and of the tine movement until about bix months 
ago, when, for the first time, I hod all except the pendulums m approximately 
satisfactory condition By that time I had discovered that my choice of zinc and 
platinum for the temperature compensation and lead for the weight of the pendu¬ 
lums was a mistake I had fallen into it about ten years ago through being in¬ 
formed that in Kussjft the gridiron pendulum had been reverted to because ot the 
difficulty of getting equality of temperature throughout the length of the pendu¬ 
lum , and without stopping to perceive that the nght way to deal with this diffi¬ 
culty was to face it and take means of securing practical equality of temperature 
throughout the length of the pendulum (which it is obvious may be done by 
simple enough appliances), I devised a pendulum in which the compensation is 
produced by a stiff tube of zinc and a platinum wire placed nearly poiallel each to the 
other throughout the length of the pendulum, and the two pendulums of the clock 
shown to the British Association were constructed on this plan Now it is clear 
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that the materials chosen for compensation should, of all those not otherwise ob¬ 
jectionable, be those of greatest and of least expansibility. Therefore, certainly, 
glass or platinum ought to bo ono of the materials, and the steel of the ordinary 
astronomical niercuiy pendulum h a mistake Mercury ought to bo tho other (its 
cubic expansion being six times the linear expansion of zinc), unless the capillary 
uncertainty of the mercury surface lead to irregular changes in tho rate of the pen¬ 
dulum The weight of the pendulum ought to be of material of the greatest spe¬ 
cific gravity attainable, at all events unless tho v»holo is to be mounted in an air¬ 
tight case, because one of the chief errors of the best existing pendulums is that 
depending on the variations of barometric pressure The expense of platinum puts 
it out of the question for the weight of the pendulum, oven although tho use of 
mercury for the temp mature compensation did not also give mercury for tho weight 
Thus even though as good compensation could be got by zinc and platinum as by 
any other mcau3, mercury ought, on account of its superior specific gra\ ity, to be 
preferred to lead for the weight ot the pendulum 

I have accordingly now made several pendulums (for tide-gauges) with no other 
material in the moving part than gloss and mercury, with rounded knife-edges of 
agate for the fixed support , and I am on tho point of making four more for two 
new clocks which I am having made on (he plan which forms the subject of this 
communication I have had no opportunity hitherto of testing the performance of 
any of these pendulums, but their action scorns \orv promising of good results, 
and the only untoward eireumstanoo which has hitherto appeared in connexion 
with them has been breakages of the glass in two attempts to have ono carried 
safely to Genoa for a tide-gauge mndo by Mr Whito to an order for the Italian 
Government. 

As to the accuracy of my new clock, it is enough to look at the pendulum vi¬ 
brating with perfect steadiness, from month to month, through a range of half ft 
centimetre on each side of its middle position, with its pallets only touched during 
s ] 0 of the time by tho escapemeut-tooth, to fool certain that, if the best ordinary 
astronomical clock owes any of its irregularities to variations of range of its pen¬ 
dulum, or to impulses and fnction of its escapement-wheel, the new clock must, 
when tned with an equally good pendulum, prove more regular I hope soon to 
hav e it tried with a better pendulum than that of any astronomical clock hitherto 
made; and if it then shows irregularities amounting to ^ of those of the best as¬ 
tronomical clocks, the next step must be to inclose it in an air-tight case kept at 
constant temperature, day and night, summer and winter. 


On Mr, Sabine’s Method of Measurtmf small Intervals of Tun* 
By W. H. Wiiira*. 


On Tidal Operations in (he Gulf of Catch hi/ the Great Ti njonomctncal Survey 
of India, By Capt. A. W. Hurd, li E, 

The primary object of tho operations was to determine whether secular changes 
in the level of the land at the head of tho Gulf, i e the “Bunn of Cutch^are 
taking place. Col. Walker, the Superintendent of the Great Trigonometrical Survey 
of India, at first intended to restrict the observations to a few weeks duration; but 
he found that by extending them to a period of a little over a year, scientific re¬ 
sults of the highest value would be obtained, and also that this course would be 
necessary in order to obtain data sufficient to detect minute changes in the relative 
level of laud and sea. I was deputed when in England in 1871 to study the details 
of tidal observations and harmonic analysis os recommended by the British Asso¬ 
ciation; at the some time I tested a new self-registering tide-gauge, the per¬ 
formances of which were very satisfactory Tho self-registering tidosfatigas were 
then described at length, the most remarkable feature in them being the unusuallj 
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long barrels (length 5 feet), which were provided in order to give tho tidal curve* 
on the diagram on a \ cry largo scale Six of these inBtrunw nts had been sent out 
to India some years before j they were modified in Bombay, so as to be similar to 
the new one winch was tested at Chatham, and had scobs of •wheels put on for 
adaptation to particular tides, friction-rollcra lor tho barrel, zero-line** for time and 
height cut, <S.c As the rise aud fall of tho tide is materially influenced by direction 
and force of tho wind, and also by changes in the barometer etlf-regiatenng anemo¬ 
meters and baromettrs were piocured foi each tidal station On my return to 
India I was oidt rtd to make a loconnaistance of the Gulf of t uteh, to sdtet sites 
foi tidal stations I cruised about for a month m a common native sailing boat, 
and aftci long searching along tho muddy foreehoits of the Gull I found three 
places well adapted for tidal obsmati ms—one right at the head ol the Gulf, just 
in tho Runn of Cutch, called Ilaustal Tidal Station, anothir midway up the Gulf 
of the Cutch coast, called ISowamu and the third, Okhn just at tho mouth of the 
Gulf, opposite the island of Hi > t Tney w err well situated for the purposes required, 
as fai as their geographical position, but as om was at a point twenty miles from the 
neatest village (from which dunking-walei had ti b( mought by boat as well as 
food foi the men in chaige), another station mm milts, nnd the third two miles 
from the ullages, the airangcmenls foi tho continuous woikmg of the stations for 
about a year and a half had to be most caiefully madt I nturned to Bomb&v and 
got all the appaiatus lcrnlv, such as uon cyhmkrs m kngtk (so as to b( portable), 
nou piping, suction-pipmg anchors and buoys, &e for the deep-sea connexion, 
torapoiary tide-gauges ioi companion, portable obstruihnnq—infiutivery thing, 
e\cn to bucks and lime for Milking the masonry veil foi holding the cylinders, foi 
nothing could be procured in tho ] laces select* d for the stall on** A\ hilo in Bom¬ 
bay I tested tho working of the whole apparatus for cadi < bsei\fttoi\, and mado 
many modifications fiom time to tunc I found that mi would collect in the pipes, 
which were m the shape of a long siphon, and thus cause diflaencos of lei el in 
tho cylinder and the sea I o\crcamo this difficulty In inserting stopcocks at tho 
top bends, which wtro to be ahvais bdmv tho lowest high-water and in thu way 
I was able to get the same level of the watu inside the cylinder as in the open 
sea By frequent companion with the temporary tide-gauge*, the identity of level 
was determined the sizo ot the pipe connecting the cylinder had been calculated, 
bo that practically thcio would be no retardatun m tho How of the wattr The 
native sub-surveyor*, who were to be in chiugo of the stations, were also trained 
in Bombay 

The observations and apparatus wue then described at length, and sewual illus¬ 
trations and diagrams showtd tin method of their working In addition to the 
self-iegisttnng anemometer and self-ri gistenng aneroid barometer^ each observ atory 
was fitted out with a fttandaid morcunal barometer (for comparisons) and a rain- 
gauge Three bench mark-stones m masonry platforms, at different distances from 
the obscrvatoiy were built as standard points foi tho levels, and each careftilly 
connected with the zno ol the Bclf registering tide-gauge Ihc whole of the appa¬ 
ratus and instruments were pent c ff in a largo natnc sailing-vessel dmct to Okna, 
thi natives who were to bo employed also going I mnreked across Rattyanon to 
Okha, liftv mg made some anangements w ith the Political Agent at Rajkot as to tha 
help wc should got from the native states The construction of Okha tidnl station 
w a* then descnbtd, and many of the difficulties which were successfully overcome, 
also the different methods of comparing position of pencil on diogiani with the 
height of water, checks on the working of tho instruments for insertion in the daily 
reports submitted by tho sub surveyors I defected a tenous fault m the sell- 
legiatcnng tide-gauge, viz, that the instrument waa by no means comet in the 
time registration I eventually devised a simple, plan which I called “back-laah 
weight, which completely remold this cause of eiroi I am of opinion thu plan 
ought to bo earned out in its entirety, and the baml made to drne the clock in¬ 
stead of tho clock the barrel 

Just after all wae ready, and tho instruments bt uig stoitcd at Okha, a groat dis¬ 
aster happened early one morning A bout drifted dov n past t lie station^ her anchor 
diagged across the flexible pipe, smashed it, and earned off a largo portion of St, as 
well as buoys, anchor, &c Ilere wo had to land and to have the repairs quickly 
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executed, then the final measurement* for determination of zero, rating of clocks, 
&o were made, and the mstrmenU started on their eighteen months* work. 
Leaving Okha, the vessel in which I and my men and all the apparatus were in 
ran straight on to a sandbank and nearly capsized After many troubles, the other 
two stations were eventually constructed Huts had to bo made for tne men in 
charge and the guard fiom the native state to live in, a regular seivice for sending 
food and water established, and post-runners start* d to cariy the daily reports to 
the nearest post-office, and many other details arranged I or my European as¬ 
sistant had to make frequent tours of inspection of the stations while work was 

f oing on, which entailed much haid marching and exposure One journey (in May 
874) was described in which I and my assistant had to ride on camels over about 
fourteen miles of the Runn, covered with water from 0 inches to a foot deep, i 
order to reach Haustal lidal Station The working ot the stations was then de¬ 
scribed, Okha and Haustal giving perfect and continuous registration, but at 
^owanar, where then was 20 feet ol water at the end of the pipe at low-water in 
Apnl 1874, in the following July it silted up and bunod the pipe, and the whole 
configuration of the foreshore altered ISew pipes had to be got up, and two 
lunations (from March to May 1876) were secured, in addition to the one and half 
lunation got before the shore had altered in 1874 The registrations of the ane¬ 
mograph and barograph were continuous also The levelling operations (760 miles 
of double levelling were done in connexion with the work) were next noticed, the 
rigid method of procedure whi( h obtains in the Great Trigonometrical Survey of 
India, and which give such wonderfully accurate results, was refmred to {vide Col 
Walker s paper in \ol xxxm of the Memoirs of the \stion Society) 

The reductions of the tidal observations arc in progress, some idea of the magni¬ 
tude of which may be imagined when 10,000 points have been corrected to true 
mean local time on the diagram sheet*, corrections made for rero error, and then 
the 30,000 final mexsurements made and tabulated for reduction The determina¬ 
tion of the mean level of the a* a at oach station and some of the results already 
deduced are stated one is important, and that is, that th< mean level deduced from 
the two months (March 7 to Slay 7) is nearly identical with the mean of tho whole 
ear, aud tins Col Walker had predicted would be the case in a h tter on the subject 
about eight >ears before The met* orological reductions are m progress The 
movement of the wind for each hour for the whole period has bton tabulated aud 
reduced to its N and h components, the moan hourly value determined and, by 
combining the differences of this mean from the value of oach particular hour, and 
similarly the barometric diffeiemcs with the differences of the theoretical and 
actual values of the tide. I hope to deleimine far more accurately than has yet 
been done the dfert of tne wind and baiometer on tho tide Several tracings of 
the actual diagrams were exhibited The tidal curves are most regular and con¬ 
tinuous, and show the perfect working of the whole apparatus, and when the tidal 
and meteorological reductions are complete, I hope to obtain some veiy valuable 
results 


Physical Explanation of the Mackerel Slcy 
By bir W Thomson, DC L, F.R 8 


On Navigational Diep-sea Soundings m a Ship moving at High Speed* 
By Sir W Thomson, D C L , FR S 
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CHEMISTRY 

Address by Williah Hkjtry Ffrkin, FIt S , President of the Sectton 

Thfrf can be no doubt that chemistry and the allied sciences are now being re» 
cognized to a much gi eater extent m this country than in former years , and not 
only so, the workers at research though still smofl in number, are more numerous 
than they were 

In lKWDr brankland,in his \ddroH8 to this Sec tion at the Meeting at Norwich, 
commented upon the small amount of original research then being earned on in the 
United Kingdom but, judging from the statistics of the ( hemical Society, this 
state of things became even worse for m 1808 there were forty-eight papers read 
before the S >cict\ but in 1872 only twenty-two Sure then, however, there ha* 
been a considerable increase in the number and at the Anniversary Meeting in 
March last it was shown that the number of communications for the session had 
M^n to sixty six, oi three times as many us m 18?^ 

Of course these figuits only refer t) l)u C brumal Society hut I think they may 
be taken tw a un sat criterion of the improved atate oj things, though it would 
be very gTatifving to sec much great* r activity 

It is also very pleasing to find that Iht aids to and opportunities for research are 
increasing because it must be remembtrtd that, in a petuumry sense, science is 
far from being its own r< warder at the time Us truths arc bi mg studied although 
the results very often lxc line eventualh < t the greatest practical value , hence the 
wisdom of a country encouraging scientific n sc uch 

But little, however, has bceu done m this dilution m past years— the grants 
made foi gun ral suenco by this \ssiciation and that of tne G iveramont of one 
thousand pjunds annually to the Ko>al Siuolv, b ing the roost important 

'Ihe Cheuiual Su ut\ has also been in the habit of giving small granls fir the 
purpose of assisting those engaged m (hemual re tarch In the future however, it 
will be able to do much uioie than hithoito One of the original ini mbers of the 
Society, l)r I ongstafl,olI red in the early part of the year to give one tliousaud pninds 
provided a similar mini could bt raised, the united amount to K invested and tha 
interest applied ioi the tnrouragonru nt of resoaich I am happy to say that rather 
more than the required sum has been raised, and it is hoped that it may be still 
further supplement* d 

In addition to the Royal-Societs giant, the Government have given this year a 
furthei annual sum of four thousand pounds Of course this is ior science gene¬ 
rally 

Mr 1 J Phillips Jodrell has also placed at the disposal of the Itoval Society 
the munibeont sum ot six thousand pounds to be applied in any manner that they 
nmy consider for the time being roost conducive to the encouragement of research 
in Physical sciences 

Wheu we consider how much of our science is of a physical nature, we must be 
grateful for this beqrnst and it is to be hoped that these helps will more and more 
stimulate research in the United Kingdom , and if we have any hope ol keeping patf 
with the large arnouut of woik now being earned on in other countries, we must 
indeed be energetic 

The employment of well-trained chemists in chemical works is now becoming 
much moie general than heretofore, esjiecially on the continent, where m some 
cases a considerable staff is emplovod and provided with suitable appliances, &c , 
for the purpose not only of attending to and perfecting the ordinary operations 
which are in use but to make investigations in relation to the class of manufacture 
they are engaged in A cotmcti m or the necessity of this is gaining strength in 
this country, though not so quickly as might be desired, nevertheless these things 
are encouraging 

With reference to the progress of cboraistry and what have been the fruits of re« 
search of late >ears, it will be impossible for me to give even a general outline, 
the amount oi 1 work b< ing so largo , m fact, to recount the list of investigations 
made dm ing the past year would take up moat of the time at my disposal. 
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Amongst the most interesting, perhaps, are those relating to isomerism, especially 
in the aromatic senes of organic bodies, and it is probable that a more intim&to 
knowledge of this subject will bo found of really practical value 

As I am unable to give an account of the worn done during the post 'sear on 
account of its quantity and dntrsilv I propose to lefti to some (f the praclital results 
which have already accrued from Organic Chemistry as a pha for the encourage- 
tneut of research * and those I intend to speak of are of spet ml interest also on 
account of thur close connexion with the textile manufactures ot Great lintam I 
need scarcely eay I refer to the colourmg-nmtteis which have bttn cbtamed from 
the products found in tar 

It was in 1656, now twenty years since, that this industry was commenced bv 
the discovery of tho “mame or ‘ aniline purple, and it may be ot interest to 
state that it was in Scotland, m the autumn of the same a ear, that tin hr*t txpen- 
menta upon the application of tins dye to the mts of dy<ing and calico pnnting 
were made, at l*eitn and Mari hill 

I need scarce!) remind you of the wonderful di vdopment of this industry since 
theu, stoing wo now havt from tin same source colouring mntteis capable ot pio- 
ducing not only all iho colours of the rainbow, but thur cunbmntionfl I wish, 
luwoier, to hnelly refer to the date and origin of th< products which have 
Period to huihl up this gieat industry 

It was in lHJo that I araday published in the ‘ Philosophical Tranfftotiona Ins 
research on the oilv products separated in completing oil-gas, nnd described A 
substance ho obtained from it—a volatile c< lourless oil, which ht called Bicar- 
buretted Iljdmgen Mitscheihch some jours afterwards obtained tin panio sub- 
stanct from benzoic acid, and gave it the narno it bears, viz * Be nzol This same 
chemist further obtained from la nzol nitroben/ol, by acting upon it with nitric 
acid Zinin ftfterw ards studied tho action of reducing age nta upon intiobt nzol, and 
obtained “aniline, which ho at that time called llenndaui 

Again, Pelletier and W alter discovered the hydrocarbon toluol ui ]M7 Devillo 
produced its mtro-compound m 1841 nnd llofumnn mid Muspralt obtained horn 
this “toluidmt, by the process used by /inm to reduce mtrobenred 

I might mt ntion other nanusm conm xion with these substances^ such as Bunge 
and Ihm rdorbon, but 1 would now ask, did any of these chemists make these 
investigations with tho hope of gam v was it not rather from the 1 >vc of research, 
and that aloneP and now these products, which were thin practically unless, ore 
the basis of the aniline colours But to go fuither Docberuncr a long while ago 
obtained from alcohol a substance whith ho etilh d “light owgen ether,” now 
known as aldohjd Gaj-Lussac pioduccd iodide of ethyl in 18] 5 Bunina and 
Peligot discov erod thn corresponding substance iodide of methtl in 1835, but, as 
in the caaos I have previously referred to, these bodies hud no practical value and 
were never prepared but in the laboratory IToftnnnn, m his researches on tho 
molecular constitution of the volatile organic bAaes, discovered in 1 &5Q the 
replacement compounds of aniline containing alcohol radicals 
All these compounds have now been manufactured on the large scale and used 
in the further development of the industry of these artificial colouimp^matterg 
Othei substances might be mentioned, but I think these are sufficient to show 
how the products of research which, when first discovered and for a long period 
afterwards, were of only scientific interest, at last became of great practical value, 
and it is evident that, had not the investigations and discoveries I have referred to 
been made as they were solely from a love of scienco, no aniline colours would 
now be known 

Tho colouring-matters I have hitherto spoken of aro nitrogenous, and derived 
from benzol and its bomologues There are a few others, however, of tho same 
origin which contain no nitrogen, but they are of secondary importance 
I now pass on to another clasv of colouring-matter, which is obtained from 
anthracene, a coal-tar product diffuing from benzol and toluol in physical cha¬ 
racters, inasmuch as it is a magnificent crystalline solid 

C ‘ o first colounng-matter derived from anthracene which I wish to draw your 
tion to is alizarin, the principal dyeing agent found m madder-root. This 
substance was for a long time supposed to be related to naphthaline, inasmuch m 
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phthalic acid can be produced from both of them, and many were the experiments 
made by chemists in this direction , it was not, however until 1808 that this was 
proved to be a mistake, and its relationship to anthracene was discovered by Graebe 
and Intbermaun, who succeeded in preparing this coal-tar product from the natural 
alizarin itself 

Having obtauud this important result tht v turned tbur attention further to the 
subject, hoping to find some process by which alizarin could be produced from 
antnract ne in this they were soon hucc essiul 

Ihe disctm ry of the ititjhaal formation ot ali/ann whs of great interest, inas¬ 
much as it was another of tho^e instant es which Ha\e ot late ycarfi become bo 
numerous, namely thufimiation ot a \t getable product artificially , but the process 
used by Giatbe and Licbeimanu wo»of little practical \alue, because too expensive 
for practical purposes 

Having previously worked on anthracene df nvatives,it occurred to me to make 
some experiments on this subp et which r» suited m the disc neiy of a process bj 
which Lue colt uniig matter toultl b< tcommiirally produced on the large scale 
Messrs ( aro, Grot be and T lets rn arm ab mt the ssmo time obtained similar 
results in Germany, this vaa m lHi 4 ) I mfhtr investigation during that year 
yielded me a new pic tens, by winch dichlorautluacene c mid be used in 
place of the mire costly j>io<fuc t nnthra juinc no which was mjuuud by the 
original piooosMcs I mt utinn this, as most of the ailihual aluann used m this 
country up to tho eud oi 187 J, and a good deal since, has been prepared by this 
now process 

It was o binned that when eomuu rcial aitificiul Rlizarm propaicd lioiu anthra- 
quinone, but tnoie espceially from dichloionthraoem f wjls used for dyeing, tho 
colours produced difh red from those d\( d with niudde r or pure ali/arm and many 
persons tin refore concluded that theartihe lal col mnng matter was not alizarin at all 
j his question however, waa fm t at rest by separating out the pure artificial alizarin 
from the commercial pioduct and comparing it with the natural alizarin, when it 
was found to product exactly the same colours on mordanted fabrics, to have the 
same composition, to give the same reactions with ltagents, and to yield the same 
pioducts on oxidation 

But whilst examining mto this subject it was found that a second colouring-matter 
was present in the commercial product, and in Bomewhat largo quantities, especially 
when dichloranthracone had been employed in its preparation, and to this was due 
the diflortm e in shade of colour rt ferred to 

This substance, when investigated, was found to have the same composition as 
“puipunu, also a colouring-matter found m madder, but of very little value on 
account of the looseness and dulnoss of some of the colours it produces This nt w 
substance, being derived from anthracene, was named anthrapurpurin, unlike its 
isomer purpurin, however, it is of great value as a colouring-matter I do not 
think I shall be going bejond the results of experience if I say it is of as groat 
importance os alizarin itself, with alumina mordants it products reds of a more 
scarlet or fiery red than those from ali/arm In fact so fine are the colours 
produced that, with ordinary alumina-moidanta on unoiled cotton, it gives results 
nearly equal in brilliancy to lurke>-red produced with madder or garaueme, and 
I believe the rapid success of artificial alizarin was greatly duo to its presence 
Most of that consumed at first was for Turkey-red dyt ing, and the colours wore so 
clear that it was mostly used in combination "with madder or garancme, to brighten 
up the colours produced by these natural products 

The purple colours anthrapurpurm products with iron mordants are bluer in 
shade than those of alizarin. a*ia the blacks are very intense Its application u 
practically the same as aluann, so that thov can be used m combination 

As already noticed, the commercial product called “artificial ah/ann ” first 
supplied to the consumer was always a mixture of aluann and anthrapurpunn, 
and various mixtures of these two colouring-matters are still sent into the market, 
but, owing to the investigations that have beeu made and the study and attention 
that has been given to it by manufacturers, nearly pure ahrann aud authrapurnunn 
aie also aent into the market—the first being known as " blue-shade alizarin, and 
the second as red or “ scarlet alizarin ’ 

1870 , 6 
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The formation of anthrapurpunn in the manufacture of aluann may to some 
extent be said to have ansen from a want of knowledge of the true conditions 
required for the production of the latter 

It is now well known that alizarin jb a dioxy anthraquinone, or, in other words, 
anthraquinone m which two atoms of hydrogen are replaced by hydroxyl 

C 14 II,O a C l H 6 (HO) 1 O a 

J - Y -' 

Anthraquinone Alizarin 

If we want to mtioduce hydroxyl into a compound tin ro are sev eral processes 
which can be used, but I will only refer to those connected with the history of 
this colouring matter 

The first process winch I will refer to has been used by chemists for a long 
period It consists in first replacing the hydrogen by brcmiuo and then treating 
the resulting bo ly wilh potnssic ox other metallic liyamto and according as one, 
two, or more nt< ma or hydrogen have bten replaced by the bromim, eo on 
its removal by the metal >f the metallic, hvdrate a comp und containing a corre¬ 
sponding number of at ms of hydrogen replace 1 by hydroxyl is obtained 

Graebe nnd Liobermann acted up m tbis princij le in their experiments on the j 
artificial formation ot alizarin and ns it was necessary to replace two atoms 
of hydrogen in anthraquinone, they first of all prepaied a dibrominated derivative* 
called dibiomanthraquinone, 

f ,H 6 Rr,0, 

By decomposing this witli potnsmc hydrate at a high temperature they obtained ft 
vioUt-colouied product, -which wlun acidihed to remove the alkali gave a yellow 
precipitate of alizarin, 

C t II fl (IIO) a O, 

1 he second process I w ish to speak if fir the replacement of hydrogen by hydroxyl 
in a compound is by converting it into a sulpho acid (usually by means of sulphuric 
acid) and subsequently decomposing tins with pota^sic or other hydrate and 
according oh a mono or disulpho aul is unployed it voids on decomposition a 
compound with one or two atoms of hydrogen replaced by hydroxyl 

The discovery of sulpho-acids of anthraquinone, and their use in place of the 
brominated derivative originally employed by Graebe and Liebermann, constituted 
the great improvement in the manufacture of alizarin already ri furred to 

From what has just been stated, it was naturally supposed that ft disulpho- 
acid of anthraquinone would bo required to produce alizarin and this was believed 
to be the cose for some timo, but further experiments have proved it to be a 
mistako, and shown that the monosulpho acid is required to produce alizarin, the 
disulpho-acid yielding anthrapurpurin 

But how are wo to explain this apparent anomaly P It would take up too much 
time to enter into a discussion respecting the constitution of the sulpno-aci&s of 
anthraquinone in reference to the position of the IISO a gr mps I will therefore 
confine my remarks to their decomposition 

Monosulphoantkraqmnomc acid, 

0 I4 II t (HSO,)O j , 

when heated strongly with caustic alkali, as potnssic or sodie hydrate, decomposes 
in the ordinary way, and we get “ monoxy anthraquinone, ’ 

CJ 14 11,(110)0,, 

which w a yellow body possessing no dyeing properties On farther treating this, 
however, with caustic alkali it changes, being oindized, and yields alizarin, 

C 14 H.(H0),O, 

Duulphoanthraqmnonic acid, 

c I4 n,(uso,)o it 

’ when subjected to the influence of caustic alkali, at first changes into an intermediate 
acid, 


0„II,(HO) (nso,)o a , 
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and then into a dioxjanthiaquinone, 

c 14 n,(HO),o Jt 

now known as u isoanthraflavic acid * — a substance having tin samo composition 
as alizarin, but being only an isomer of that body and possessing no aihnitv for 
moidants, like monoxyanthruquinone, however, when further huiUd with alkali 
it becomes oxidi/ed and yields a colouring-matter, which is " authrapurpurm, 

0 ll H,(II0),O i 

Looking at these reactions, it appears rather remaikablo that Oraebe and 
I lebermann should have succeeded m preparing alizarin from dibromanthraquinono 
It can only be explained on the assumption that the hydrogen atoms replaced in the 
disulpho-acidare diflt n nt m position from those replaced in thedibromanthraquinone, 
and of course it is possible that adisulpho acid isomeric with that now known may 
be discoiered that will yield alizann as a first product on tiratment with alkali 

In the reaction whuh takes place when monoxj anthnquinouo or lBonnthraflavic 
acid become oxidm d and change into alizarin and anthrapurpurm nascent hydrogen 
is formed , and this onuses a remso action to takt place—ordinary anthraquinone, 
or its hydrogen derivative bung formid, and a loss of colouring matter resulting 
A email amount of potassic chlorate is now used with tht caustic alkali, lust sum- 
*nent to overcome the reducing action, which has resulted in an increased yield of 
colounng-matteT, the percuitoge obtained being now not very much below the 
theoretical quantity 

When the process for making comimrcial artificial alizann by treating anthra- 
qmnone with sulphuric acid was hr»t adopted, the product from that treatmont was 
a mixture of the mono and disulpho-acida of anthraquinone Consequently the 
colounng-mattor prepared in this marine was a mixture of alizarin and anthrapur- 
punn, and the reason vvh> dichloranthracc ne, when use d in place of anthraquinone, 
yields a product very rich in anthrapurpurm, is on account of the readiness with 
which it forms a dumlpho acid o( dicnloranthraceno, which afterwards changes into 
the disulpho acid of anthniquiuone 

At first it was supp ised by many that the quantity of coal-tar produced would 
not yield a sufficient supply of antnmet ne for the manufacture of artificial alizann 
Experience ha«, however, proved that this supposition was groundless, as now the 
supply is greater than the demand 

Moreover some very interesting experiments have lately been raadt, by which 
anthraquinone and its donvativoB have been obtained without tho use of anthracene 
The most interesting are those m which phtholic anhydride is employed with 
beozolic derivatives, for example, this anhydride gives with hydroquinone a 
colouring-matter having the same composition, as well as most of the othoi 
properties of ahzai in It is called qmuizann Baeyer and Caro have also obtained 
iiom phthahe anhjdndo and phenol oxyanthraquinone, and by using pvrocntechin 
in place of phenol they got alizarin itself 

Although these products have not been obtained in sufficient quantities by 
these processes to be of any practical value, we do not know what further research 
may do Already one of the substances used is being prepared on the large scale for 
the manufacture of that beautiful colouring-matter “ tosine,' I reft r to phthahe 
anhvdnde 

Now, with reference to the origin of the products which arc used for the manu¬ 
facture of artificial alizann, we find the first researches made m reference to 
anthracene were by Dumas and Laurent in 1852, subsequently Laurent further 
worked upon thiB subject, and bbtainod, by the oxidation of this hydrocarbon, a 
substance which he called anthracenuse, he also obtained dichlorantnraceno Dr 
Anderson also made an investigation on anthracene and its compounds in 1863, and 
assigned to it its correct formula, he reexamined its oxidation-product, which 
Laurent called anthracenuse, and named it oxyanthracene, the substance we now 
know as anthraquinone 

All these substances were without any practical value until 1868, but we now 
find them of the greatest importance, ana used daily m immense quantities 
But to bring out more clearly the practical importance of these lfruts of scientific 
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research, it will bo well perhaps to see what has been their influence on the colour¬ 
ing-matters which were m use before them, and also the extent of their present 
consumption 

The influence of the so-called aniline colours on dye woods, &c has been 
remarkably small It is true that at hrst magenta had a depreciating influence 
upon cochineal, but this has pushed away, ana now the consumption of that dye 
w as gieat as ever, ceitainly its price in much lower than it used to be, but this is 
due to a variety of (aunts, especially the great incieftse in the cultivation of the 
insect at Icnerifle Vnd perhaps tins want of in flu utc is not so very remarkable, 
when we consider the aniline colours are entirely new pioducts. differing in com¬ 
position and propoities firm the old coloiuing matters, and tneiefore could only 
displace them to a certain nvtout 

But whilst this is the case, the aniline colours have been moie and more used, 
until at present it is compute d that their amiual sale in the lulled Kingdom and 
on the Continent exceeds 12,000 000 Ihis is piobably due to new applications 
and increase of trade 

When, however we come to consider the influence of tin anthracene colours 
alizarin and anthrapuipuun more generally known as ‘artificial aluann, wo hnd 
we have a ver> different tale to tell 

Hero, in the case of alizarin we have a competition not Letwoc n two colouring- 
matters, but the sn.rm from diff lent souices—the old source being the madder- 
root, the new om coal tar And when wi mtr xluie the << nsuleiation of anthra- 

} urpurin which products such magnificent reds much bright^. / ... ___ 

ordinary purpuiiu we see we have n t only a leplacemont but an improvement, 
so that those new coloumig matters fchr iw the old c ms into the bhade Ihe pro¬ 
ducts being purer, the cjoanng processes for giods d^cd with them are also 
necessarily c asier and simpler 

It willlbe interesting to examine into the statistics of the madder and garanew 
trade in a biicf manner, to st o what has been tho influence of artificial alizarin on 
their consumption Ihe following tigures are mostly calculate d from the Board of- 
Tradc returns 

During the ten yeais immediately pieceding the introduction of artificial alizaun 
the average annual imports of madder into the United Kingdom were 15,202 tons, 
and of garatuin 2278 tons 1 stimatmg the value of the former at £2 2* , aud 

tho latter at £8 per cwt , which were about the aveiage prices during that period, 
the annual value m rcimd numbers was about one milh m sterling 

Tho introduction of artificial alizarin, however, has so influenced the value of 
madder that its pnee is now less than one half, and thus a Baving oi over hall a 
million steiling per annum has been oftected to the manufactuioia of the United 
Kingdom, one half of which may be put down to Glasgow 

So much for its effect iu reducing prices, but what has been its influence on the 
consumption of those dye-atuUs P 

I have already stated the average quinhly of these substances importod per 
annum prior to the discoveiy oi the artificial product, and will now compare it 
with the imports of last year and this lhat for the present year of course will be 
an estimated quantity, and calculated from the retiuns for the first seveu months 



Average annual imports 


1850 1868 

1875 1870 


tons 

tons tuns 

Madder 

15,202 

5014 8653 

Garancm 

2,278 

1203 813 


These figures speak for themsc Ivos 

The money value, which was formerly £1,000,000 per annum, is now, cal¬ 
culating from the estimated quantity for the year, only £138 105, say £140.000, 
taking garancm at £4 per cwt ana madder at £1 per cwt, prices slightly in 
excess of their piesent value 

At the present prices the cultivation of madder-roots is uuremunerative, and 
it is to be expected that madder-growing will soon be a thing of the past, thousands 
of acres of land bung at the same tune liberated for the growth of those products 
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we cannot produce artificially, and without which we cannot exist The quantity 
of madder grown in all the maddor-giowing countries of the world prior to 1868 
was estimated te be 70,000 tons per annum , and at the present time the artificial 
colour is manufactured to an extent equivalent to GO 000 tons, or more than two 
thirds of the quantity gr twn whin its cultivation had reached its highest point 
I might have referred to other subjects besides the coal tar colours whu h have 
resulted from scientific resean h, but 1 know of no other of such interest and 
magnitude Troni the brief history I have given, we see that the origin of these 
colourmg-nmtto rs is entm ly the fruit of many n searches made quit* independently 
by different chemists who worked at than without any knowing* of thur future 
irapoitaiue, and ou looking at the risearches which have thus culminated in this 
industry it is nit* resting t ? notice that many, if not moat of the m, were conducted 
for the purpose of elucidating some theoretical point 

lluse facts certainly ought to be a gieat cutout n gum nt to chemists, and stimu¬ 
late them to greater activity It woiild be very pi using to see more work tmu- 
natmg from the chemical adi mis ot the UmUd Kingdom and I think no student 
filiould consider his chc mica} cumc dmn finished until he has c< nduetedan original 
research Iho knowledge c htamed b> a gcncril course ot institution is of course 
of ’very greet value but a go cl dial f it is carrud on h\ rule In usuuch, how¬ 
ever, we have to depend upon the exercise ol iurjudgment and in fact ut all our 
faculties, and a student having c nduc Ud even unc under the guidance of an 
oflicnnt director, will find that ho has tuquirt d aq amount <t experience and 
knowledge which will be of the greatest value to him afte rwards 

It la hoped these remarks will encourage young chemists to patiently and 
earnestly work at whatcvei subject they nmy r undertake, knowings that their results, 
although sometimes apparently only of small interest, may contain the germ of 
something of gnat scientific or practical importance or may, like a ktystone in 
an arch, complete so mo subject which before was fragmentary mid useless 


On a Safe and Rapid Evapo) ating-pan By F H T Atun 

In the course of vanous chemical manufactures there is sometimes met the diffi¬ 
culty of products and apparatus being injured or di stroy ed in the process of rapid 
evaporation by the salta settling to tlie bottom of the pan, and there becoming a 
solid mass This pan ih intended as an effort to overcome that difficulty 

Besides attempting to cc mpaaa the evaporation of the leys or other fluids sa/i 
from the danger of at portion upon the htatmg surface, it also provides for the 
rapid evaporation oFtKo fluids, w ith conttnuou# action m the pan, and tho nady 
removal of the solids when formed i o attain these se\ eral ends, the form to be de¬ 
scribed has been found necessary Ihe pan may be made of boilt r-plate, and about 
30 feet long, by 10 feet broad, and l) feet high Tho heating surface is supplied by 
two flues of a V-shape carried through tho fluid from one end of the pan to tho 
other The acutest angle of the V is downward, and within 2 ftct of the bottom 
of the pan This form of bento-source whilst raising tho temneiaturc to boiling-* 
point and effectually keeping it there, offers no resting place fur descending particles, 
and consequently the salts on separating fall to the bottom of the pan and them 
accumulate Now the nppaiatue is so arranged that tho bottom slopes in one or 
more directions, the salts gather m tin deepest parts, and suitable outlets that may 
be dosed at pleasure being provided in the sides, they gravitate outwards into 
proper receptacles Care must bo taken that sufficient solids are left in to occupy 
the outlets, and the passage of fluids then by prevented 

The upper part or the V-shaped fluo is cox red iu its whole length and breadth 
by an air-chamber of iron fitted with pipes or other arrangement passing into the 
liquid, whereby the air heated from the waste heat of the flue is fon ed into the 
boiling liquid, and there materially increases the rapidity of the evaporation 

For the purpose of utilumg any heat that may escape from the air-chamber & 
•moll pan occupies its upper surface On this subsidiary pan the liquid may be 
boiled to nearly salting-pomt, and then allowed to flow into the salting^down pan. 
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the smaller one being replenished with week liquor A limited supply of air may 
be introduced into the second pan, and evaporation proceeds very rapidly 
The liquor in the pans need never lose its level, because, as salts pass from below 
and steam from above continuously, it is continuously replaced by liquor flowing in, 
the auvpipes may therefore be only two or three inches below the surface of the fluid 
The pressure thus being not great, an ordinary fan will be sufficient to force the air 
through for evaporation 


On &ewage Purification and Utilization 


On a new J olunc Batten / By ft 


By J Bvnm 
W Bioos 


On the Action of Pentachlm.de of Phosphorus on Turpentine 
By Pi of Chum Brown 


Note on Anthraeoie testing By 1 Bhown 

In the earlier days of anthracene manufacture, when it waa obtained solely from 
the last runnm 0 8 of oil, and when the distillation waa stopped comparatively early 
for the double leason of mu niff the bottoms of the stills and producing a good 
marketable pitch the principal aolul impurities were naphthalene, phenanthrene, 
and paraffin ith samples of this description the method of testing hv agitation, 
after washing with petroleum spirit with a limited quantity of bisulphide of carbon 
gives approximate and practically ueelul results When however the demand for 
anthracene increased, the tar-distillers found it more advantageous to cany on the 
distillation as far as possible only stopping just before the point at whicn coking 
commenced This method of working gives an entirely different vanety of crude 
anthracene, vu one m which the principal solid impurities have higher boiling 
points than anthracene Those bisulphide of carbon fails to remove, that test 
therefore, with these samples, ceases to give true indications of their commercial 
value To correct this the antnrakinone test was introduced and was judging from 
the terms in which it was proposed, looked upon as applicable to au commercial 
anthracenes The appendix to the paper soon followed and showed that experience 
had not confirmed those anticipations, and now the kmone produced requires to be 
tested as to its punty, as the result is by no means definite In applying the kinone 
test to commercial samples various minor difficulties occur, one of which fa that 
damp samples of anthracene are apt to lose moisture during the time that is occu¬ 
pied in reducing them to a sufficient degree of fineness to allow the small quantity 
of I gramme to be a correct sample of the bulk, and another and more serious one 
u the uncertainty caused by the occasional occurrence of accidental impurities in 
the quantity weighed out To remedy these defects and facilitate the testing, the 
author proposes the following modification — 

Weigh out 60 grammes of the crude anthracene, and measure out 260 cubic 
centime of petroleum spirit, tnturate the anthracene m a mortar with a sufficient 
quantity of the spirit to form a thin cream, and pour it on a weighed filter (taking 
caw at the same time to leave in the mortar any grit or sand which may be present); 
mue on to the filter any anthracene which may be round the aides of the mortar, 
and employ the remainder of the spirit m washing the filter and its contents* 
Allow it to drain, then fold it carefullv, press between bibulous paper, dry at about 
flOP-80 0 C , and weigh Crush to & fine powder the contents of the filter, and from 
that quantity weigh out the gramme required for the kinone test, then proceed in 
the usual manner In calculating the result allowance must of course be made far 
the diminution in weight caused by washing the crude sample with petroleum 
■plat* 

'Sie method proposed in the foregoing short note does not claim for Itself theo» 
tttical accuracy, but it claims the following Advantages — # 
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lit It affords a ready method of detecting and separating extraneous matter, 
such as gnt; sand, shreds of canvas, or splinters of wood, all of which are liable to 
occur even in good anthracene, 

2d< 1. The preliminary washing produces a dry powder of perfect uniformity, from 
which it is easy to weigh out a email quantity. 

3rd. The preliminary washing removes, beside others, the greater part of two 
important impurities, one of winch, viz. paraffin, defies the kinone test, and the 
other, viz phenantlirene, is not, if prosent in largo quantities, completely oxidized 
under a considerable time. 

4th. By removing a large proportion of the impurity beforehand the oxidation 
proceeds more quietly, and the kinone obtained is more crystalline and freer from 
chromium compounds. 


On some Instruments used m the * Challenger? Bg J. Y. Bctchanajt. 


On Ammomc Selenwcyamde. By "Dr. Cameron. 


On a Gas-condensing Machine for the Liquefaction of Gases by combined cold 
and pressure, recently employed m the manufacture of Volatile Liquid Hy¬ 
drocarbons. By J. S. Coleman, F C.S. 

This paper gives a rfoum6 of the author's paper on the effects of pressure and 
cold upon the gaseous products of the distillation of shales, read to the Chemical 
Society, Soptenioer 1H75. 

It then enters into certain thermodynamical quostions relating to the best method 
of obtaining cold from a corapreysod gas, so as to utilize the cold produced in ex¬ 
pansion, to supplement the effect produced by simple pressure 

It then describes the engineering arrangements finally adoptod for dealing with 
250,000 feet of gas daily at the works of Mossrs Young & Co , on the principle of 
the drawing exhibited The diagrams used were enlargements of the actual draw¬ 
ings of the machine as erected, and showed all the precaution* found necessary 
in actual construction. The working of the machine, which gives, as a maximum* 
2000 gallons per week, during the last three months was described, and samples 
of the product exhibited burning in Laidl&w’s air-gas apparatus. 


Experimental Researches on the Chemical Treatment of Town Excretion. 
By J. S. Coleman, F C.S. 


On the Transformation of Chmohne into Aniline. By Prof. Djswar, F.2&S.E+ 


On the Proximate Analysis of Coal-Gas, — Remark* an JUbouTs Paper on 
Pyro-Tartaric Acid By W. Dime a b. 


On an Apparatus for the Analysis of Impurities in the Atmosphere. 
** By E. M. Drxoir. 


On Fire-Brick. By J. Dunsiq&ih. 


On White-Lead . By A. Febofmoe. 
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On the Physiological Action of Pyro- y Meta- y and Ortho-phosphoric And *. 
By Prof. Gamgbb, F,JLS, 


On the Influence of the Condition and Quantity of the Negative Element on the 
Action of the Copper-fiinc Couple By Froiessor Gladstone, F R,S, 


On Solid Witter , By Prof, G l'tiirie, F R.S< 


On the Critical Point of Lufuul Caihonie And in Minerals 
By \V. N Hartley. 


The History of Copper-evU adton by the Wet Way 
By AVilxum Hendvoson 

In this papor the author related tho history of the introduction of those processes 
and their establishment iu tins eminti) and abroad , lie described the various stages 
of the manufacture of Spanish cupreous pyitfes bv his processes , ho also described 
and illustrated by specimens tho recent modifications mtioduced for improving the 
quality of the copper, and at tlm same tunc separating the small quantity of lead, 
Siher, and gold always present in Hpamsh pyrites 


On the Ptu float ion of the Clyde, By Col. Hons, V C . 


On the Limited Oxidation of Terpene *—Part IV,* 

By Charlrh T Kinozeit, F.C S. 

In this part of his researches the author has more particularly inquired into 
the phenomena attendant upou the atmospheric oxidation of turpentine in the pre¬ 
sence of water These phenomena may be stated as — 

(a) Increase of the specific gravity of the oil as tlm oxidation proceeds 
(&) Gradual increase in the amount of peroxide of k)drogeu produced, or the rate 
at which it forms 

S Gradual heightening of the boiling-point of tbo oil as it oxidizes. 

o oxidation, which takes place slowly at first, proceeds very actively after¬ 
wards, and the oil thus under treatment is capable of inducing fresh turpentine, 
which may be added to undergo oxidation at the same rate from the moment of 
contact* 

Tho oxidized oil evolves large quantities of oxygen on heating to near IGO 5 0., 
and this oxygen is doubtless derived from camphoric peroxide. To the same sub¬ 
stance the author assumes to be due the camphoric acid and peroxide of hvdiogen 
found m the aqueous solution that results from its decomposition with water. 

There are contained also in the watery solution obtained when turpentine is 
atmospherically oxidised in the presence of water, acetic acid, camphor, «c Thus 
a solution obtained in one experiment upon several gallons of turpentine contained 
323 grains of peroxide of h> drogen and *‘H)7 grams of camphoric and acetic acids. 
The amount of peroxide of hydrogen produced is simply limited by the amount of 
tuipentine oxidized, and can be regulated at will. 

This aqueous solution the author has proved to possess most powerful characters 
as an antiseptic and disinfectant, and continued investigations have shown these 
characters to be possessed by the individual constituents of the solution, vii. cam* 

| Printed extento m Chem News, toI xxxjv, pp 127 & 135, and in Phsrtn. Journ. 
fcwpt, 23, 1870. 



TRANSACTIONS OF THE SECTIONS. 


65 


photic acid, peroxide of hydrogen, L _ j. In the last part of hie research the author 
has resumed the thread of hw researches previously published, and found that 
menthene (0,. II ]H ), whether derived from solid or liquid Japan camphor (by the 
action of ZnClj), produces, on atmospheric oxidation, among other bodies peroxide 
of hydrogen, acetic and formic acids, &c Now Wright (Journ. Chem Soe. ser. 2, 
vol xiv p. 2) has obtained from menthene, by the action of bromine, cymene, and 
so the conclusion stated iti the author’s previous papers that all hydrocarbons con- 
taming cycuene as a proximate nucleus give peroxide of hydrogen on oxidation is 
confirmed, 

Wright has also failed to obtain cymene (G [0 II M ) from clove torpone (C 13 H^) f 
a result in accordance with the author’s obsenations previously made to the same 
effect. 

The author has submitted the others also to atmospheric oxidation, and in this 
way results have been obtained winch are of the greatest interest and importance. 

Ethylic ether || s j O absoibB oxygen even in the cold, but more readily in sun¬ 
shine, and gives m»e in the presence of water to peroxide of hydrogen, which may 
Tesult from reactions represented by tho following equations — 


( 1 ) 

12) 

(3) 


8 : 2 : 1 o+o - 
0,H,0 

<_! 

C,H,0 
C 


c a n,o 

'<Vi, 


[ 0 + 11 , 0 , 


: » : o [o+o s =g : ;y[o,+ii a o, 

! : S;o[ o J +2H,o= c ^J{' 0 [ o+°»g.°J 0+H,0, : 


or (.')) may be written thus*— 

€11,0001 , HHO) 
011,00 Of +HItOf 


GIL COOII 
* 011,00011 



That is to say, the ether may, in the first place, become acetic ether and eliminate 
water; secondly, the acetic ether may become anhydride, and the latter may be 
finally converted into peroxide. This peroxide, being unstable in the presence of 
water, splits up into acetic acid and peroxide of hydrogen 

These results are confirmed by the fact that Brodic discovered acetic peroxide 
by acting on acetic Anhydride with banc dioxide 
"These equations are, moreover, exactly parallel with those indicated by the author 
as representing the production of hydne peroxide from turpentine, and it is to their 
substantiation that his efforts in the future will be directed. Meanwhile he claims 
that they experimentally demonstrate clearly for the first time the existence of the 
radical nydroxyl in combination, and, in short, the production of peroxide of 
hydrogen "in the way desen bed amounts to the isolation of hydroxyl in combination 
with itself. 


On two new Hydrocarbons from Turpentine. By A. 0. Letts, 


On Soda Manufacture . By J. Mactf.ar. 


On the possible Genesis of the Chemical Elements out of a Homogeneous Cosmic 
Gas or Common Vapour of Matter By Dr. Macvicar, F.R.S.E. 

On Essential Oil of Saye ,—Dart I.* By M. M. Patiison Muir, FUSE. 

This oil has a yellow-brown colour, without any shade of green, a strong sage-like 
odour, and a hot burning taste. Its reaction is neutral. Sage-oil does not deposit 

# Published in the Year-book of Pharmacy, 187ft, p. GftO 
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any solid matter nor resin after standing for some months exposed to air, neither 
does its reaction alter The oil rapidly absorbs oxygen from air It is most ener¬ 
getically acted upon by strong mtnc acid also by sulphuric acid which appears to 
polymerize some of the (onstitin nta of the oil Hydrochloric acid gas produces one 
or perhaps two liquids hut no solid chlorhydrates these are scarcely if at all, de¬ 
composed by prolonged agitatation with warm water The specific gravity of sage- 
mi is 0 9339 at 14° C After piolongod fractional n the oil splits up into four mam 
portions—two liquids, almost certainly tei penes, boiling rcBpictnelv at lf>7°and at 
107^ C , a liquid, probably containing oxygen boiling at 198° 20&° and a solid 
camphor melting at 187° 0 llie terpenes both appear ti contain cymeno as by 
treatment with sulphuric acid the liquid being carefully kept cold, and distillation 
in steam cjmene is obtained Ihese terpen s yield bronunated compounds, which 
split up, on distillation into hydrobromic acid a nd cymene the bronunated compound 
from tne lower boiling terpene is much more stable bowevtr than that from the 
terpene of highor boiling point. Tor the oxygenized liquid constituent of the oil 
the name of ealvtol is proposed lhe terpenos both yield tercphthalic acid on oxida¬ 
tion with weak chromic liquor 


On the action of Dilute Saline Solutions upon Lead * 

Bj MM lVmsoN Mum, F li SL 

After generalizing former results the author describes experiments earned out 
under varying condition* which stem to prim — 

(I) That increase of surface of lead exposed is generally associated with increase 
of lead dissolved Tins conclusion does not, however, invariably hold good, the 
natiue of the salt in solution, the time of action, &c influence the action 

f2) That exposure of laive surfaces of liquid to the surrounding air very gene¬ 
rally causes an increase in the quantity of lead dissolved, thus increase being most 
marked in tho case of those salts (nitrates &c ) which enable water to exercise a 
notable solvent action upon lead, and after tne expiry of lengthened periods of 
time 

(3) That the solvent action of dilute saline solutions upon lead increases in an 
ever-increasing ratio with increase of tuneof action (longest period tried « 606 hours), 
except in the case of pt taseium carbonate solutions, where a point of maximum 
action appears to bo reached after the expiry of about 340 hours 


On certain Compounds of Bismuth + By MM Pattisoit Muir, FUSE 

In this paper the following salts of bismuth are described — 

BwnutAous tnchlonde ana inbromult the action of h>drogen upon these salts 
is detailed Attempts to prepare a chloride higher than Hi 01 which led to no 
positive results, are described Ammonto bwnuthous tnb/o?mdcs 111 Br, 3NII,, 
BiBr- 2NII„ and 2BiBr 3 5NR, bmnuthi/l oxyh omidis, Bi h Hr. O , and Bi n Br t 
() 1S , bmnuthxc broMio-n%tnde y BiN,Br hypobmnuthic kydiaU, Bi 2 0. II 8 0, and 
a pumber of chromates of bismuth, the principal of which are —- -bismuthyl chromate, 
(Bi Ob Cr 0 4 , bwnuthyl dxcbornate, (Bi 0) i Or, 0 7 , monohydrated bimiuthyl dtekro- 
matej (Bi 0) 3 tr i 0 7 II^O, and monohydrated bxsmtdhyl tctrachrornate, (Bi 0), Cr 4 
Oji HjO 


On Relations among the Atomic Weights of the Elements 
By J. A R Newlands 


On the Alum Process in Sugar-rejintng By JAR Newiaitdb 


* Vide Proo Maneh Lit and Phil Soo 1876-77, pp 1 & 142 
t Journ Cheat Soo vol i 1876 p 144, vol n p 12, and rol i 1877, p 24 
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On Sugar . By T. L. Patterson. 


Note on some new Anthracene Compounds. By "W, JT Ffrkin, F B.8* 

A very dilute solution of anthracene in carbon disulphide, when cooled to (P C. 
and treated with bromine, yields an addition product, a“ dibromide of anthracene,” 
0 14 H l0 Br^. It ua a yer y unstable body, rapidly decomposing at the ordinary tem¬ 
perature ot the air, with evolution of hydrobromic acid, when heated it also gives off 
this acid, and is converted into monobromanthracene, C )4 1I 0 Jlr. 

If chlorine be used in place of bromine, a " dichloride of anthracene,” C, 4 H 10 Cl a , 
is produced, which is even loss stable than the corresponding dibromiae; when 
heated it decomposes and yields monochloranthracene, C u H 0 Cl. 


On PicoHne and \1s Derivatives** By William Rvmbay, Ph.D . 

The following salts of picolme were prepared — 

The hydrochloride, deliquescent, melting at 100° 0 

The hydrobrmmde, molting at 187°. These two salts may be crystallized from 
impure picoline. 

The mbromtde of picoltnc kydrobt omule —Prepared by treating the hydrobromide 
with bromine, ft formB golden-yellow scales, and melts at 80°. It is sparingly 
soluble in water 

The duodtde of pxcoline ht/drtodide — Formed when picolme hydriodide is distilled. 
Reddish-brown crystals, which molt when brought in contact with water, soluble 
in alcohol and m ether. Mel ting-point 70° 

The formula of Anderson’s trie h loro picolme hydrochloride is disputed, both from 
the results of analysis, from its method of preparation, and from its properties It 
appears to be a hypochlorite, and to contain the gToun (\) Cl) The white powder 
to which Anderson ascribes the formula C e H 4 Cl 3 N. IIC1 is a product of the action 
of water on an oil obtained by projecting picoline into chlorine gas 

Picohne dxbromule , 0„ II 7 N Br 2 , formed by the action of a solution of bromine 
in chloroform on picoline, and 

Picohne xodochlo} tde, C fl II- N. Cl I, prepared m a similar manner, are crystalline 
solids The halogens, therefore, act on picoline to form at least four distinct sub¬ 
stances —1, a direct addition compound containing picoline plus two atoms of halo¬ 
gen , 2, a substitution compound which undergoes alteration when brought iu con¬ 
tact with water, 3, a salt of tho halogen acid, and 4, an addition-product con¬ 
taining two atoms of the halogen combined with the haloid salt. 

The ferr ocyanxde forms white crystals. 

The platxnocyanide consists of Ljrge pale yellow rhomboids. It crystallizes with 

4Hjj O. 

The tartrate forms long white needles. 

The atrate is uncrystaluzable 

The phosphate is a white deliquescent crystalline mass. 

The chlorate forms very thin diamond-shaped crystals. 

The following compounds with alcohol radicals were prepared :~- 

The methyl todtde, by mixing equivalent quantities of methyl iodide and pico¬ 
line. Long white needles, which melt at 22(r A*227°. 

The methyl chloride is an extremely deliquescent salt, and crystallizes from alcohol 
in needles. 

The methyl nitrate forms large transparent prisms. 

The methyl hydrate , prepared by means of moist silver oxide, rapidly become® 
discoloured in the air, and when acted on, first with bromine, then with ammonia, 
assumes a rod colour. No methyl amine was evolved on boiling its aqueous solu¬ 
tion. 

The duodide of the methyl iodide, C f H, N (CII a I) I„ crystallizes from alcohol in 
* Vtde Phil Mag 1876, toI. ii p 269. 
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feathery bimsh-black crystals It is prepared by dissolving iodine in an alcoholic 
solution of the methyl iodide 

The ethyl t ttchde is analogous to the methyl iodide , and the ethyl hydiate gives 
a similar reaction with bromine and ammonia 

Ihe ethene bromide forms small hard prisms, which melt at about 270? The 
ethene chloride crystallizes from alcohol in needles 

PuoUne allyl compound* are all sirups, with exception of the platino-chlonde 
The h\diate is more stable than the methyl ethyl, or eth< ne hydrates, and after 
evaporation at 100 3 dissolves in alcohol with a brilliant purple colour, which may 
be communicated to silk 

As picolwu is not decomposed by potash in any firm, it rannot be a nitrile or a 
carbomue It is not altend by bang passed through a red-hot tube failed with 
fame or lead p< roxide Boiling sulphuric acid and nitric acid or a mixture of both, 
have no action tin piooline, but when the nitrate is heated it undergoes complete 
decomposition into carbonic acid and probably water 

Picolme probably does not contain a metbvl group, for on oxidation it vields 
Dewars pyndene dicarb >nic acid TIiim acid is nit derived from lutidme, as was 
supposed by W right I xj enments to prepare the aide hydo and alcohol from 
dicarbo-pyridenu acid lead to a prospa t of success , and from the alcohol true 
methyl pyridine may possibly be obtained 


On Glunnum , its Atomn Wevjht and Specific Ihat . 
By J Exu-kson III ynolds, M D 


On the Utilization of Sevcaje By \\ C Sili 


On the Action of Ilydnodu And on mivtd hikers of the General Formula 
C»H Jn+1 + 0 CHj* By B D Silva 


On Sodium By Andlrson Smith 


On the Manufacture of Iodmef By Edw\rd C C Stanford, FOB 

The author gives an interesting account of this manufactuie, which in Great 
Britain is confaned to Glasgow and Us neighbourhood He gives a rioumi of the 
remarkable fluctuations in the pnee of iodine, and nlso of the changes in the uses 
of kelp, or sea-weed ash, from its first manufacture about a hundred years ago to 
the present time He traces its use from the beginning of the present century, 
when it was the principal source of alkali, and when Scotland alone produced 
20,000 tons annually, worth £20 to £22 per ton During the following 22 years 
the importation ot barilla reduced the price of kelp to £10 per ton Then the 
removal of the duty on banlla, followed by that on salt reduced it fUrther to £3 
per ton, and in J831 to oven £2 per ton In 1845 the manufacture of iodine com¬ 
menced and kelp was again (o demand The imports and prices are shown m the 
following table fp 09) 

It was impossible to give the imports of kelp earlier than 1846, as this table wae 
obtained with difficulty from indirect sources, the Clyde trust having disposed of 
their books previous to 1869, thus rendering the early history of this interesting 
subject at present inaccessible for statistics 

t it is shown that a large numbor of makers of Iodine in Glasgow at that time had 
en now reduced to three 


* Fide Compt Bend txxn pp 323 325 
t Published in ex tenet? in the ‘Chemical News,’ 1877 
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The working of kelp for inline is minutely described, with the remark that all 
the text hooka on the subject describe only processes and apparatus abandoned by 
manufacturers many years ago The large pre duction of iodine which may be 
expected from the Chilian caliche is fully lm estimated and it is shown that the 
possible production far exceeds the utmost output of Great Britain and France . but 
there are difficulties in the manufacture which have hitherto prevented very large 
imports from this source 

The quantities of iodine in se\ eral species of sea weed, and from a large num¬ 
ber of anal} ses of specimens from all parts of the coast, are tabulated The author 
shows that all sea weeds contain iodine, but few contain it in the quantity worth 
working 

These are the deep sea alg® exclusively 

His own researches are alluded to (Society of Arts, »Silver Medal, Teb 14,1862) 
in reference to the great loss of lodino in the present wasteful method of burning 
kelp, and his suggested improvement of collecting tho w inter tangle, now generally 
wastedj and distilling it m closed retorts, is described The sea weed is thus con¬ 
verted into charcoal (which remains in the retorts), and ammomacal liquor, and tar 
condensed m suitable condensers, and gas, which is used to light the works 

The gas liquor yields ammonia and acetic acid Irom the charcoal, the salts of 
potassium and sodium, with iodides and bromides, are easily washed out, and a 
residual charcoal is obtained which resembles that from bones This charcoal is 
fully equal to animal charcoal as a decolomer and deodoriser, and can be very 
Cheaply obtained 

The manufacture affords winter employment to a large and indigent population 
In the winter, when they moat need it *It has been earned out on a large scale in 
some of the outward Hebrides, and has quadrupled the produce of iodine and 
greatly benefited the people. 


On Lead Desilverizing by the Zinc Process By J E Sxoddart 


On the Atomicity of Oxygen and on the Constitution of Basic Salts . 
By J Johnstojcr Storbt, FB S 


On Zinc . By D Swak. 


1878 . 
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On the Prevention of the Pollution of Rivers By Rev, R Thomson 


On ike Growth of Mildew m Guy Cloth By William Thomson, FRS E 

Tho author described the size used by Lancashire mnnufactureis, which is nearly 
always more or loss strongly acid 

Two senes )f experiments on the relative actions of salts, often added by manu¬ 
facturers to their si/e, in aiding or retarding the devilopment ot mildew, showed 
that the free acid present togothu with dampness is tho most fruitful cause of 
mildew, and it tho acid be neutralized with soda ash, mildew develops with much 
dilhculty, and only alter a very considerable lapse ol time 


On the Nitroso Derivatives of the Terrenes By W. A Tllden, DJSc 


y Note on a new Iso-pmpurtne ifj 


On the Pretention of Ftauduhnt Alterations m Cheques By 1 Wai 


On the Means of Suppressing Alkali Waste By Walter Wfldon 


New Cotarnine Derivatives By C K Aider Wrtoht, D Sc 

When dilute bromine water is added to a solution of cotarmno hvdrobroiuide 
combmatioh takes place and a crystalline orange precipitate is thrown down con¬ 
sisting principally of dtbrom hydrocoUtmtne hydiobromide , it excess of bromine bo 
used, the precipitate chiefly consists of trxbi mi hydi ocotununc hydrobrointdc f these 
two biominateu bodies b< mg formed thus — 

Cot am ne Dibrom hydroeolamine 

C„ I!,, JsO„ H Br+Br,=C la H 13 Bi,&0.„ HBr 

Tribrom hydrocoUrmne 

C„ H lt Br a NO a , llBr4-Br a **II Br+C ja H ia Br 3 NO^ HBr 

If hydro cotarnine hydrobromide bo used instead of cotarnine hydrobromide, and 
excess of bromine be added, the same tnbroui-hydrocotanune hydiobromide is 
formed, thus — 

Hydroootarame Tnbrom hydroooUrcune 

O lfl H 15 N0 8 , HBr4*3Br 9 «3HBr+O l3 II 13 Br 18 NO s , IIBr 

Dibrom-hydro cotarnine hydrobromide loses the elements of hydrobromic acid, 
forming bromocotarnxne hydrobromide on boiling with water, aqueous c&UBtic potash, 
or alcoholic silver hydrate, thus — 

C )a Il u Br a NO,, HBr«IIBr+C l9 H 18 BrNO,, HBr 

The bromocotarmne thus formed resembles cotarnine in many respects, its salts 
are crystalhzable and veiw soluble , the base when crystallized from ether is repre¬ 
sented by NO a , II a O, the associated water bomg lost at lOCF with partial 

decomposition just as with cotarnine When heated to about 180°, hydrobromic 
acid is evolved, the residue contains a blue product insoluble in boiling alcohol, ben¬ 
zene, chloroform, petroleum, turpentine, carbon disulphide, and other/but sparingly 
soluble with a brilliant blue colour in boiling glacial acetic acid, glycerine, or 
^nline, and readily soluble in cold concentrated sulphuric acid to a most intensely 
coloured magenta liquid the colorific power of this body is most remarkable, a 
minute speck scarcely visible giving a deep coloration to a considerable bulk of 
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acid As yet this body has not been obtained in sufficient quantity and sufficiently 
pure for analysis, the fact that concentrated warm sulphuric acid does not char it, 
but only dissolves it suggests some constitutional similarity to indigo 

Tnbrom-hydrocotarnino hydrobromide bleaks up, on heating to 180-200“, m 
accordance with the reaction, 

C l3 H 13 Br 3 M), lIBrs=CII, Br+HBr+C u II H Br NO,, TIBr, 

methyl bromide and h> drobr )nnc acid being evolied and the hydr ^bromide of a 
new bftfV 1 kin^ B ft Alter due plinth ation the frte bns< is obtained from 80 per 
cent alcohol m bright a attr/e ci ystah contaimug (. , H M Br O a , 2lI a O, the water 
of crystal (nation bung lost at 100° and a brilliant cnmsm anhydrous base being 
lift This enow n m iss is a dt bento test lor the prom rice ot moisture in nearly 
absolute alcohol when orystalh/rd frnn such containing only a minute trAco of 
moisture oianr/e hydrutod crystals are thrown down on u oling whilst crimson 
anhvdroua crystrU are formed when yt ry carefully dehydrated alcohol is employed 
it may be noted that 1 >ng standing a er and distillati ni from a large bulk nt quicklime 
does not sulfa ieut]y dehydrate ordinary' 00 per cent spnit to gne crimson crystals 
by this test 

The salts of this base readily crystallize the h\drochlondo and hydrobromide 
are of a straw-yellow c lour and spnringh soluble in cold watu , on adding sodium 
larbonato to the warm onl> slighth ydlow aqutous solution bright orange crystals 
ot the frt e base separate rapidly on aiming 

The bromine m this base is apparently mcapabh of < li mi nation 1 y nasc« nthydro¬ 
gen , ltiRpropowd to d Rignate it 6/ motanomne f tarconme (anagram of nur- 
citine anu of cotarmne) being the (as vet hypothetical) non-brominated base 
G u ]I fl M) 3 , differing fium cotarmne (C u II 13 NOj by the dements of marsh-gas 


On the All a to ids of the Aconites By G It Alder Weight, 1) Sc 

The results communicated to the Association last year, together with those 
obtained by Duquesnel, seem to point to the inference that when a mmeial acid is 
used to acidity the alcohol used in the extraction of alkaloids Irom aconite roots, 
alteration of the base or bases originally present takes place to a greater or less 
extent, owing to the influence of the heat employed to evaporate the alcoholic 
extract, whereas if tartaric acid be used, and the extract be evaporated at as low a 
temperature ae possible, as in the experiments of Duquesnel, much \cbs alteration 
takes place and a considerable amount of abase crystalli zable from ether is obtained 
Two cwt of Aconitt/m napellue were worked up by this latter pneess for the 
purpose of examining more closely the chaiacter of the cry stals thus obtained, the 
extract, evaporated gently to a small bulk, was treated with water and faltered from 
precipitated resin, the aqueous filtrate then yielded a semicrvstalhne precipitate 
when treated witk potassium carbonate in sfight excess This precipitate was 
fractionally crystallized from ether and other solvents, and finally split up into a 
large number of fractions ,, no evidence, however, could bo obtained of the presence 
of more than one crystalline base , all the fractions, when sufficiently punned from 
a small quantity of an obstinately adherent non-crystalline base of lower molecular 
weight, gave identical numbers agreeing with the formula C„ II 43 NO 13 , the gold 
salt being indicated by C SJ H„ NO w HC1, AuOlj, 

This crystallized base, to wnich it is proposed in future to restrict the term 
aconitine, is eminently active physiologically, and agrees closely ui all its properties 
with the “ crystallized aconitine ” of Duquesnel obtained by the same process, the 
different formula arrived at by Duquesnel (viz H 40 NO Ja ) being apparently 
due either to impunty m the substance examined or to analytical imperfections 
The base, crystallirable from ether, obtained iu small quantities from A napeUus 
by extraction with alcoholic hvdrochlono acid, os described m the Bnt. Assoc Rep 
1875, p 88, gave last year numbers from which the C„ H 4 , NO n , or one closely 
Similar, was deduced, after further purification, however, this substance was found 
to be perfectly identical with the aconitine above described, giving numbers repre¬ 
sented by C J3 H 4 I NO u 
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In order to purify Aconitine completely from another base wluch does not crystal-* 
Lee from ether, but which obstinately adheres to aconitine when crystallized from 
that and other menstrua, it is sufficient to dissolve the approximately pure snow- 
white crystals already ciystalhzed several times fr m ether in warm dilute hydro- 
broimc acid, on cooling and standing well-defined crystals of the hydrobroinide of 
aconitine separate the other base being completely retained m the mother liquors, 
tlio drained and washod crystals yield perfectly pui c aconitine on dissolving in water, 
precipitating by sodium carbonate, and crystallizing the pricipitate from ether 
This non-crystal line base does not appear to form crystalli/able salts, it has a 
considerably lower molecular weight than aconitine Whether it is Originally 
present in the roots, or is formed by alteration of the cry stalhzablo aconitine dunng 
the extraction process is not yet made out 

These results, and those obtained last year clearly point to the d* sirability of sub¬ 
stituting lor m< dicinal purposes the uniform homogeneous crystallmd base (or a 
salt thereof) for the more or less amorphous mixtures of aconitine and other sub¬ 
stances and alteration products ubuuIIv found in pharmacy, inasmuch as some at 
hast of these admixtures are considcraoly less physiologically potent than aconitine, 

( ll t hO l2 

rurther experiments on the constitution of aconitine and the amorphous base or 
bases are in progress 


GEOLOGY 

Address by Professor J Youiso, MD , FG S, Piesident of the Section 

\V hen the British Associati n met in Glasgow twenty one years ago Sir Roderick 
Murchison presided over Section C, and was surrounded by a brilliant company, 
whose names now historical, were even then familiar for their accuracy of observa¬ 
tion for philosophic generalization and for the eloquence with which their science 
was cl ithed in words that charmed while they instructed—Lyel) Hugh Miller, 
Sedgwick Takes, Smith of Jordon Hill, Thomas Graham, Agassiz, Salter, Leonard 
H >rner Tohn Phillips Robert Chambers, II D Rogers, Charles Maclaren, Sir W 
Logan the list is a heavy one even for twenty-one years, and the changed cir¬ 
cumstances will ho fully realized by Nicol, Harkness, Lgerton, Darwin, Ramsay, 
and others when they find Murchison s place occupied by one who holds it rather 
by the courtesy of the Council to the Institution in which we are assembled than 
by any claim he has to tho honour 

It would be out of place for me to do more than refer to the Geological advantages 
which have given to Glasgow its commercial greatness In the Handbook prepared 
at the instance of the Local Committee will be found gathered together all the 
positive knowledge we possess regarding the mineralogy, stratigraphy, and paleon¬ 
tology of the west of Scotland The specimens themselves are exhibited in the 
Hunterian Museum and m the Coloration Galleries, and I take it upon me to say 
tho Glasgow geologists are as ready as ever to assist the investigations of student* 
m special deportments with all the material which richly fossiliferous strata yield 
and the carerul skill of assiduous collectors can secure 

Thus relieved from entering into local details, 1 would ask your attention for a 
short while to some of tho difficulties which a teacher experiences in summarizing 
the principles of Geology for his students 

I may be pardoned for reminding you that as yet there are m Scotland only two 
specially endowed teachers of Geology In the Universities, thatscience for which 
Scotsmen had done so much received only the odd hours spared from Zoology Jn 
1867 the two courses were separated in Glasgow, in ls70 Sir R I Murchison 
founded the Oh air of Geology m Edinburgh, in 1878 Mr Honyman Gillespie 
« #owed a Lectureship on Geology in Glasgow, not separating it from Zoology, wit 
i«her desiring the two to remain associated, while means were provided for tutorial 
instruction in the elementary work of the class When next the Association meets 
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m Glasgow, I hope that the services which science baa rendered to mining and 
metallurgy may have been recognized by those who have reaped the benefit. 
During the efforts of years to obtain pro\i«ion for systematic teaching in Mining 
and Metallurgy, practical and scientific* hare always been set in opposition by those 
whom I addressed In another twenty years it mav have become apparent that it 
is possible for a man to be both practical and scientific, and that 1 ho combination is 
most condwno to economy 

Geology occupies the anomalous position of being a science without a special ter¬ 
minology u position largely the result of its history, but to Pome extent inherent in 
its subjoct-inatter Treated of by Hutton and Playfair and their opponents in the 
ordinary language nl conversation, current phrases Here adopted into science, not so 
much acquiring 8pe< ml meanings as adding new ambiguities to those already 
existing E\n\ one seemed to understand them at once , and thus, & a no ono was 
obliged to altarb very precise meanings to them, the instruments of repeal eh became 
i(s impediments, and the phrases in common u«o at tho beginning of the century' 
June tuiuRimtted to the piest nt day the enonoous ideas of those by whom they were 
hist eniplo>ed WluuLytll, m lKd2, metbodmKi tho knowledgo accumulfttod 
puor to (hat date, he had, in organizing the science, to thooso between inventing 
an appro]n into terminology and adopting that in common use By doing the latter 
ho promoted the populanLv of the science, though nt the cost of some subsequent 
confusion , by attempting the former lie would June set in aims against him those 
who would, according to the pedantry of the time, have denounced Ins neologisms and 
found in them a decorous \ell for the ob)e< tions winch they entertained on other 
pounds to his vicwm Lyell was not the man to face the latte r difficulty, nor can 
it bo chaiged against him (hut lie was wittingly neglectful of the interests of 
science But to the use of conversational language an 1 traceable certain assump¬ 
tions to which I desire to ilmw your attention In icnturmg criticism of this kind 
I am not unmindful of the Nemesis which has owrtakon my colleague, Sir YV. 
Thomson foi Ins comments on By ell's language Thornton took exception to lan¬ 
guage which implied a kind of pcrpotual motion, n circulation of energy at vnuanco 
with the teaching of physics, and, behold, two or three years after, Eocky er has 
published, as ft phwucal astronomer, and Piestwich has appiovcd, as a geologist, the 
opinion thnt tho temperature of the sun may ha\e fluctuated, that, in fact, changes 
of chemical combination may from time to time have refreshed the heat of the 
planet, whose uniform rate of cooling Sir 'William had assumed 

When etratigiaphical geology first received due attention, the notion was pre- 
valent that t aeh formation terminated suddenly by cataclysm , it was therefor© 
natural thnt the British succession, the earliest to be tabulated in detail, should be 
token as a standard for other countnes, and that tho enumeration of tho senes 
should bo a generalized section in which were incorporated those strata not pre¬ 
sent m Britain. The u intercalation ” of beds thus practised to make ah "incom¬ 
plete ” senes “complete,” still survnes, as do the terms, though tho notions which 
underlie them are formally denied by those who use them A patriotic fellow- 
countryman once surprised us by his vehement denunciation of a tieacherous Scot 
who called the I^markshire Limestones meagre and incomplete a* compaied with 
the English. With knowledge ho might have made hi* criticism useful; as it was, 
he only gave & fresh example of the national pocubarity winch, if it cannot pro\e 
Scotland to be better off than its neighbours, is content if it can make it out to be no 
worse. The abundant fossils of the Mesozoic strata of England and Franco ren¬ 
dered comparison easy, and created tho impression that conchology was the ABC 
of geology, physical being subordinated to palaeontological evidence. Tho balance 
has been somewhat restored by the Geological Survey, the piocisiou of whose 
physical observations enables them to guide the paleontologist as often as they 
have to be guided by him. But one legacy from our predecessors we have not got 
rid of; nor, indeed, has its v olue been much called m question. 

The process of intercalation had at first to do only with observed gaps, into which 
obvious equivalents could be received, But as the needs of speculative Biology 
ittpidly increased, in tho same ratio did belief in the imperfection of the geological 
record increase, till now we have that record described as a most fragmentary 
Volume, nav, os the remains of the Inst volume, whose predecessors are lost to us. 
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Sir W Thomson did pood service by calling in question, on physical grounds, 
the indefinite extension backwards of geological time The firstfruits of Ins crusade 
were the definitions of UniformltariAnism and Evolution which Prof Huxley gave. 
Henceforth no one will maintain the onesided notions regarding these two opposing 
views of the eaith's history which were adopted m ignorant misconception or dic¬ 
tated by conceit and bigolry But the ^emce donj was oven gieater, tor while it 
became deal that a knowledge of plivwswrs indispensable to him who would 
promulgate sound notions, it was further apparent that both biological and geolo¬ 
gical c\olution had a limit m time, that m tact, on the assumption of the primitive 
incandescence of our globe, tho date might bo at hast approximately h\ed when 
tho mechanical processes now at work commenced and wnen the surface of the 
earth became habitable Nothing more has yet been done than to point out the 
way, for, though Prof Outline Tail indicates a limit of from 16 to 10 millions of 
years, that statement can oiil> be regarded as in eflect, though not perhaps in in¬ 
tention, a protest against the liberality and vagueness ot »Sn W Thomson s allow¬ 
ance, which ga\ e gtologists a range of from one to two hundred millions of 

y (‘UTS 

The reconciliation of physuMsand geologists is not likely to come through 
Mr liockyer's i^searches, even if the earth’s history be shown to have 
boon identical, unless the renewal of the earth’s heat be shown to be compatible 
with continued hie on the suifare If the reconciliation is looked for through tho 
prolonged dui at ion of the sun’s life, that being tho gauge ot the earth s duration, 
the expectation is still based on the supposed need ot very great tune for geological 
processes, or lather on the supposed need ot very great tune tor biological evolution, 
to wluth geological evolution lias been squaied Theie is another directum in 
which these results mnv help us to meet the limitation assigned by the physicists 
tho intervals ot vanatiun ol teiupoiatmo may bo shelter than those which separate 
tho maxima ot eccentru ity of the eaith’s mbit, and thus the repeated cold pounds 
of winch w'e have suggestions in tho stultified rocks, may have recurred within a 
shorter total period than is at present claimed 

Jt is scarcely within the compass of this address to enter into the quest! ms in¬ 
volved, but it is permissible to indicate the reason for delaviug meanwhile accep¬ 
tance of am preusc limit of time There is as >et too much diversity of opinion 
os to the elements of the problem Physicists mo l>v no moans at one as to the 
conditions which permit oi prohibit shifting ot the earth’s axis Tabulations are 
based on the assumption ot the regularity of the oaitlTs form, under a certain con¬ 
stant relation of the masses, albeit of diverse specific gravity, which compose it. 
It is moreover assumed that the latio of land and water have been uniform,though 
the formation of the grand features of the land by contraction of tho cooling mass 
has not yet boon considered as afioctmg thiH assumption bv altering the disposition 
of the water. On the one hand it has been shown that the existence of uniform 
temperatures over the earth’s surface is a gratuitous hypothesis, on the other 
hand it is clear that the existing distribution of light and m at is incompatible with 
the flourishing of an abundant Caibomferous and Miocene ilora witnin a short 
distance ot the north pole One expects that astronomers will look to the shifting 
of the axis of rotation ns tho possible explanation of the difficulty, taking into 
account likewise the shifting of the centre of gravity necessarily following those 
displacements of matter which, on the contraction theory, have determined the 
positions of the main continents and oceans 

Mr Evans, in his address to the Geological Society, referred to the deviation of 
the magnetic axis as perhaps due to such shifting of the materials composing the 
inner mass of our glow May not the conjectures of M Elio de Beaumont be 
after all in the right direction ? May not the change of trend which led him to 
classify the mountain-chain b by reference to the age at which they had been ele¬ 
vated, bo associated with movements which did not in all cases result in shillings 
of the earth's axis so pronounced as those which permitted llie Carboniferous and 
^fcocene floras to invade successfully the arctic regions, or the phenomena of tho 
^RlcihI epoch, or epochs, to manifest themselves in the low latitudes where their 
traces have been recognized P 

Waiving, for the present, inquiry into the influence which the admission of a 
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possible shifting of the earth's axis might have on our estimate of geological time, 

X shall return to the phraseology whose amendment stems advisable 

The confusion which exists is well illustrated in a remark by an eminent writer 
to the ettect that the progress of jjeilognal roseaith tends to prove the continuity 
of geological time The phrase in list It involves an absurdity , hut what is imnnt 
is, that tho Hucctssive so (ailed formations pass into tach other by unperc*plible 
gradation, and that as turn, goes on, vv< shall 1> mor< and morcablo tointercilalo 
strata so as to prostnt a t mtmuous scale of animal and vegetable foiniw This is 
one out of many samples of tht cxtrmn ltngth to which the thirst tor slnct 
correlati m may go We tind m Murchison s vvutmgs and »1st where pointed pro¬ 
tests against the suceeseit n of strata m one district bung In Id to rulu that in other 
districts , but these aie rnthi r concessions wrung from tin it mthor by the presume 
ot particular instances than acknowhdgnu nts oi a rul appluablt to contiguous 
and to distinct lomlitu s ahkt ] could not pel haps taken lath r exarnph than the 
stiata which coni tin tho remains cf the ft ssil hfmd/e It w< airungo tin fossils m 
nny sines lepiesentmg the modihcati >u of paiticului structun s or aw laging the 
modifications of all the strut luws w< shall find that tli ft nns of tli seius are met 
with, now ip 1 mope, n iw in \imiica, ut no on woul i ventuio to mteicalate 
the Kuropean in th \mcncan lcrtiaiy h( tips so ns to wpiait tho geol igical record 
with on assumed zo dogital standard Hu lioiion of natations the extreme view 
of correlations, has led to i< suits which aie, ti put it mildly of doubtful value 
Yet it was a natuial lesult of the work ot t uviei aud otlu r palaeontologists among 
the iMesozoic ami ]-*oct do f sadiftrous departs llie statistical method inwuteu 
by Lyell is simply a mode of gradations Intuit datn n cf stmta is therefore a 
survival from an cailierstige if the sc it net an 1 curias with it a distinct ocho of 
the catastrophic n »ti n that stiata weic foitned Himullant >usly and generally over 
tho earths surface, if not uimeisully 

Ihe geological let >rd lias bun u mpaml to a volume of which pages have 
here aud them disapp aied and the incompleteness ot the locoui has la cn in¬ 
ferred from tho frequency ot prone uuced gaps ui tin sutc cssioti ot strata Of these 
gaps, these uiiconloimilics, Pi of Kamsay nos shown the importance b\ domon- 
fltiatmg that they r< pu sc nt the lapse of unknown, but varying and in all cases 
considerable pounds ( f time 11m mteu ftlutum of stiuta assumed to fillup the 
gap and hereby to give svmmotrv to systematic classifications can only bodoue by 
an appeal to the statistical tm thud, a fauna containing foi ms t hartvc temtic ot higher 
and lowei beda being assumed to rtprt sent an intermediate point in time, whcieaa 
it might bo equally well claimed as repu sentiug an mb mediate area m space, and 
as being possibly r epic sent ative ot the whole gap and of some of the strata above 
and below it. 

The dotmition of a formation as representing a ceitam period of time, still re¬ 
peated with various modifications, is to blame for this and several other ciuiosities 
of procedure But the climax of symmetrical adjustments is roac lied when we hud 
44 natural groups' established—when, in other words, an attempt is made to show a 
regular periodicity of phenomena in Geology Dawson proposed a quaternary, 
Hull a ternary classification—-to neither of which should I now lefor, but that the 
deserved estimation of these writers is apt to perpetuate what seems to bo an unsafe 
view of geological succession 

Hull's arrangement has the merit, by force of its simplicity of bringing the 
vainness of the attempt into prominence l)awson has complicated his classification 
so as to render it impracticable A natural group of stiata, one in which elevation, 
deep depression, elevation, record themselves in rocks «*o ns to establish geological 
cycles, implies several things far which we have no evidence Most important of 
all, it implies that the events above noted should recur in evory area m the same 
order, that they should recur at equal intervals of time, and therefore yield equal 
masses of strata, aud, above all, that the superior and mfenoi limits of each natural 
and conterminous gioun should consist of a mass ot similar strata, one portion of 
which shall belong to the earlier, the other to the later group Here then we have 
implied, not catastrophic simplicity as regards the strata, but something very like 
it as regards the subterranean forces 

Mr Hull lias not, however, been able to surrendei himself wholly to his specula- 

8 * 
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tion. He has admitted ** Gaps”—breaks, that is to say, for which ho finds no equi¬ 
valents in the British senes—the strata that should occupy these gaps having been 
either removed by denudation or never deposited, the British area being at these 
times above water The concession is fatal to the scheme But the very use of 
the word gap recalls the phrases “ complete ” and “ incomplete/’ and their nearest of 
kin , u base of a formation ” Prof Banisay used the word “ break " to mark his 
unconformities , but no term has boon proposed tor u the base of a formation ” The 
term was in constant use when such base was always clflimod to be fttonglo- 
mornto. That notion ih now exploded; but no dirtmotion is diawn between the 
lowest bed of a group of conlormablo strata, and the bed or bods which repose 
uncon for mnbly on thos* 3 below them Thus the Loudon Basin has the Tlmnot beds, 
the Beading bods, and the London Play successively resting on the (Jhalk, and each 
of these is the base for its proper locality, unless it be asserted that in this and 
similar cases the lowest beds onco covered a wider area and were then lemoieil 
But a more important ease is presented by the great calcareous accumulations of 
the Carboniferous and Chalk series The Lower Greensand is to the latter series in 
England what the lowest stratum of the chalk would be if we could get at it The 
Carboniferous Limestone rests directly on the Bed Sandstone in Central England, 
further north it rests on the Calciferous Sandstones TIiur the base of the forma¬ 
tion vanes according to locality, or rather according to the circumstances of depo¬ 
sition, and wo need a term which would indicate a difleicucc between the conform¬ 
able and uuconformablo succession Mr Judd has lamented the equivocal use, by 
English writers, of the term formation, which etymologically h as well applied to the 
Chalk without Hints aa to tho whole Cretaceous senes. He advocates “ system ” as 
applicable to tho larger groups—the Cretaceous system for example But it seems 
as if the time were come for still further restrictions of either or both terms 

The analogy ot tho geological record to an incomplete volume is, like most 
analogies, at once imperfect and misleading Bather might the m ord be compared 
to the fragments of two volumes which have come to l>o bound together, so that it 
is not possible to recognize the sequence Or perhaps it might bo better compared 
to a universal history in which, by omission of dates, the chronology is thoroughly 
obscured, and the necessary treatment of each nation by it self conceals tho con¬ 
temporaneity of events We have the aquatic record and the terrestrial record ; And 
these two aro going on simultaneously It is as vet, and probably always will be 
impossible to recogrnre tho marine deposits which correspond to the terrestrial 
remains, save perhaps m the most recent geological time. 0 We now know thftt 
the life of the Cretaceous seas is not wholly extinct in tho existing Atlantic Ocean, 
hut exists there to an extent which would entitle the deposits of that area to rank 
by the statistical method as intermediate betwoon the Cretaceous and tho Tertiary 
It is obviously impossible to include under one term deposits which are associated 
with geographical changes so important os those commonly accepted as having 

P revailed during tho Tertiary epoch. The Mesozoic forms pass gradually into the 
'ertiary; how gradually we cannot say, since the deep-sea equivalents of the 
European Tertianes are not certainly known to us But as a portion survives to 
the present day, and as, presumably, the extinction was not rapid (for it is only in 
the case of land-animals that sudden disappearances are aa yet probable), it is obvious 
that the successor, tho heir, of the Chalk was not the Eocene, nor necessarily the 
Mioceno known to us, but probably deposits still buried under tho Atlantic 
My object is to show that even the limitation of time which Prof Tait pro- 
•cnliea for ns may not after all bo too narrow for tho processes which have resulted 
in our known stratigraph) Mr Darwin speaks of the geologic record being the 
imperfect record of the last scries of changes, the indefinite extension of time anterior 
to the earliest fossiliferous rocks being necessary for tho full evolution of organic 
forms. But is there any ground for the assumption P True that the Laurentlans 
contain fragments of antecedent rock, but were these fossiliferous P Aro they tho 
remains of land surfaces on which living beings flourished? ot arc they only the 
dAris of the first consolidated portion of tho Earth’s crust, on which if organisms 
*sted they may have been the most pnmitivo of our organic series r Mr. 
Jukes refers to the possibility of such earlier strata having existed; but he wrote 
when geologists were dominated by tho belief in the indoflwteness of geological 
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time. Now we are brought by physicists like Sir W, Thomson and Captain Dutton 
to face tho question, Is there evidence of such earlier masses of stratified de¬ 
posits? If wo allow to the physical argument all the weight to which its advo¬ 
cates deem it entitled, if we accept 15 millions of years, nav, even if we admit 
100 millions of years as our limit, it follows that we may still regard the earth as 
in its first stago of cooling But when wo turn to the geological rvidonre, all that 
can be advanced is that the Lauren turn strata contain fragments presumably domed 
from ember strata , but metamorphosed fragments among metamorpInc rocks ore 
not tho most i pliable guides, and there is tho positive evidence that tho Lauren tiun 
area has not boon co\eied to any extent, if at all, by later deposits So far as 
direct pi oof goei, therefore, we have none that tho earliert known stratified rocks 
are not also the earliest deposited after cooling Even if we disregard the limits 
imposed by the philosophers, liberal though they mo in Sir AV Thomson’s hands, 
tho absence ot proof that later deposits colored Luurentitui areas seems entitled 
to greater weight than is usually allowed to negative evidence At b nt tho asser¬ 
tion of antecedent strata is an arbitrary one, which any of us is at liberty to con¬ 
tradict, and in favour of wludi no physical evidence, and only zoological prejudices 
can bo adduced Tho earliest stratified deposits known are the Lfturentmn , and 
they are, so for as we know, the earliest to have been dopositod 

But apart from these possible though impiobablo earlier deposits, geological 
tiuio is said to bo lengthened by the missing strata of later periods Mr. Croll has 
given great prominence to this, which is another of the things taken for giant^din 
geologv Commenting on Mr Huxley’s rouaik that if deposit went on at the 
late oi 1 foot for 1000 years, the 100,000 fett of strata assumed by him to form the 
earth’s crust would he laid down in the 100 millions of years which Sir W Thom¬ 


son had given as tho limit, “Blit,” says Mr Croll, “whnt of the missing strata?” It 
is commonly s.ud that wo bate only a part of the deposits of any penod, that tho 
last have been denuded away, and that thus the time needed for their deposit and 
for their subsequent removal are out of oirr knowledge This is based on what wo 
seo on the shore when tho tide rises and falls and washes oft at each turn a part of 
the sand and mud laid down in the interyal But tho older deposits were laid 
down in deeper water thou that between tide-marks, and wero for tho most part 
kid down during subsidence Even admitting removal of part of the strata to 
have taken place during re-emergento, tho quantity bo withdrawn cannot be proved 
to represent more than a small fraction of the total. To provide tho needed elon¬ 
gation of geological time by an appeal to aihitraTy speculations is not admissible. 
Belief on belief is, as Butler eays, bad hor.ildry The denudation to which im¬ 
portance is justly ascribed is that repicsmted by nn unconfonnity lie-elevation 
haft been accompanied by disturbance of the area fiom a ditlerent centre than that 
around which subsidence took place. The strata aie worn obliquely, and thus 
thickness of the mass at one place is greatly diminished, though it docs not follow 
in all cases that tho maximum thickness of tho strata has been afitcUd 


Tho importance—as I deem it, the excessive importance which is nttached to tho 
missing strata is asserted by biologists, who appai cntly unconsciously seek to gain, 
by prolonging the in tonal between successive groups, the time which ought lather 
to bo sought for m tracing, were that possible, tho migrations of the species which 
seem to have suddenly died out In other words, there is a reversion to the older 
ideas regarding tho succession of strata which are embodied in such phrases as 
the Age of Fishes, tho Age of Reptiles, and the like. 

But the inequality of surface which unconformity involves, entails that other 
consequence, that the maximum thicknoftaee of tho two masala of deposits do not 
coincide m position ITence thfe thickness of the strata in the area will bo exag¬ 
gerated, tho lime spent in deposit also exaggerated, if the two thicknesses arc put 
together. This has been done by Mr. Darwin in drawing inferences from the mea¬ 
surement* given him by Prof. Ramsay, measurements which, on the face of them, 
do not represent a continuous pile of rock. Mr Darwin assumes either that the 
Welsh hula (not to speak of the Hebridos) were covered by all tho later strata 
now denuded—or that if wo sunk a bore, say on tho efiBt coast, we should go 
through tho whole senes as tabulated. When Trof Huxley took 100,000 feet as 
the thickness of the sedimentary series, tbe same notion was unconsciously present, 
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the same survival of catas trophism—the onion-coat theory, as Herbert Spencer 
named it 

The Geological Survey has corrected its tables in one important direction it 
lias shown the * on tern poramity of unlike groups in diiFt rent parts of Britain, the 
distinct types of th( Old Tied Sandstone, Carboniferous, Pei mum and Purbecks 
being plated in parallel columns To some extent this is a rmtailmont of the 
thickness ot ther^ck smes the dissimilar stiata aie not piled on each other Put 
the curtailnunt might be camtd still furtln r The marine and terrestrial con¬ 
ditions are simultaneous if wc could identify the diy land toi each deep Bea we 
should have posmbly th i overlap of non >ds producing extiai lthuary combinations, 
though not peihaps Mtso/oic and Palmo7oic faunas coutempoianeoua But tho 
British senes may be tabulated as follows — 


Land Surfaces 


IjOi mb me # / hn uttde 


1 C ambnan 

Old Rod Sandstorm 

Coal Measures Oalntcrous Sandstones 
Permian 
Trias 
Purbeck 
"V\ ealdt n 

Miocene 

Pleistocene 


Mai me 
T aurentnm P 
Silunan 

Carboniferous Limestone 
Jurassic 
Tseoc rnuan 
Cretaceous 


In the case of the Cretaceous senes Mr Ramsay has given illustration of the 
ngtnioua views of J>c 1 a Reche rcgai ding the cmtempoium itv ( f deposits suptr- 
msed one on the othu The Lower Greens ind is cont mi onmeous with part of 
he Chfllk so were parts of tho M calden na\,even ol the Purhtcks a puitiou 
must have hern forming while the Crotace >us sea was gradually deepening 
muthward and enstwaid 

It may be said that the ret rgmtion of the parallelism would not makt virv much 
differ* nee afti rail—that it would not one wlut lessen tin time spout in foiming 600 
feet ol rot k to know that there was t lsewhcrc another 500 fi ot lonuod at the same 
time But the shortening of the geological list by sinking out the ourlaps of the 
formations and thus counting them only once is of itself a matter of some conse¬ 
quence since the maximum thickness of the C reta*oous being nearly J000 feet and 
that of the W oold 1600 feet, evtu the partial (omeuhnee m time of tbeso mams 
would on Mi C roll s calculati >n of 1 foot of deposit per thousand years, make 
a considerable differ* nco in the chronology still moie if the ( arbomfeious Lime¬ 
stone be set against its probabh contunporam s tb* Upper Old Red Sandstone and 
Coal-Meaauies Mr Jukes s bold * numro of the Devonians was of itself a very im¬ 
portant change in the chronological table, and 1 doubt not otheis may vet be 
ftchieved But, it may bo said, tne Cretaceous still rests on the Wcaldcn, the ver¬ 
tical thickness still remains But is the ordinary method of estimating the thick¬ 
ness quite reliableP In some cases, as in the productive Coal-Measures, theie is 
tolerable uniformity, but among the lower Coals and the Mesozoic strata, where the 
strata or groups of strata are not regular, tho maximum thicknesses of all are, os has 
been already shown, apt to be taken, aud thus an aggregate more or leas in excess 
of the real thickness results 

But, recurring to an objection already referred to, arrange it as you like, you get, 
say in Wales, a known thickness of 60,000 feet But the rocks there ore tilted, and 
the absolute depth which they attain in this position is unknown In North Ame¬ 
rica the Laurentians are estimated at 30,000 feet, but though therp is every reason to 
believe that they have not been covered to any extent witn later deposits, the total 
thickness of the sodimentary crust is, for the samo reason as m Walts, unknown 
Bigsby baa shown bow vantd are tho surfaces on which the later deposits are laid 
d|wn, bow great therefore must be the deductions from the sum total of maxi- 
mim or even average thickness of all formations before we approximate to the 
actual thickness of sedimentarv deposits at any one point But take the actual 
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thickness in Wales as given in Jukes s Manual from the Survey data for the Cam¬ 
brians we have horn 2!KXM>-28000 Jett, Siluuans, Tipper and Lower, not counting 
breaks by unconformities, 20000 If denudation talus place at the rate of 1 foot 
in 0000 jcars, and deposit at the same rate, we should have for the Silurians alone 
120 millions of yturs nttdcd If, however, deposit takes pliue attheinb ot 1 foot 
in 14,400 years 288 millions of y^ars would be need* d fox the accumulati >n of the 
surviving strata It ib obvious that the nitt of deposit or denudation or both mo 
nusundt rstood The stratitu d rocks eijunl in amount tin material dtnuded, if wo 
knew the total am >u»t of denudation vve should know, n >t nu rely theitsidmmi 
of rock open to oui inspf_cti m but the total amount < f stratifud d posits which had 
bceu formed— oi nt least upproxitnab ly, for tin dop isit of matulots removed is not 
synchronous with their rtmovul Obviously these (hmenls aio not known, and 
cannot be km vvn, to us Mr ( re 11, who has investigated the question theoretically, 
assumes that deposit and donudati m take place m equal times, and assumes further 
a umlorm distribuiion >v er the whole or ov f r a part c f the st a b >ttom But Prof 
Oeikie a table shows that, it we are to take averages aa a safe guide, the land 
is lowered at the rate of 2 feet m (KXX) years Moreover, if, as Mr Croll points 
out ? deposit was less during the GIrcihI epo< h, the piocess must have beui more 
rapid since and thus an irreguiuntv is introduced which impairs the value of the 
calculations Piof Hughes, in the brut abstiact of his Koval Institution addiess 
which alone I hav o had the oppuitunity ot st i ing c ntc sts the vahditv c f any esti¬ 
mates of time on the basis of < ur existing knowledgi 1 do not mean to < liter into 
this question hut I may be allowed to r< mark that am eonelusi nsfjunded i n mi an 
thickness oi sedmientaiy formations aic of no value It is not the time neoessaiy 
for the building up of a mean thukness, but that ucetssary for the lonuationof the 
maximum thickness m particular n gioiiR, which we have to considei 

If the Laurentian rocks and tlitir tquivalcnts uie to be io r ard d as the earliest 
fttiatified dux sits, or inthei, if thue is no reason lor believing that they weie pre¬ 
ceded by othei stratified rocks the relali ft of lluxley s homotaxifl to any classih- 
cation cf etiftta having the I nurentians as a ti\e 1 p< mt is worth investigating 
The umveisal diffusion of specn s in the earlier stiala was fust the accepted erted 
of geologists 1 lien it was denit d, though the language of the earlier faith cou- 
tinuidcmrcnt Again we return towaids thedoclnne of extensive simultaneous 
diffusion, hut under a very much modified form The 1 Challenger irports btai 
testimony to the wide distribution of f urns in the deepest octans, and wIild we 
turn from those and compart the lists of fossil sptcies ho found widely listrilmted, 
it appears that here airaiu we have octame foima, or at any rate those found in such 
limestones as are safely assigned to a de< p wutci origin Ramsay has shown that 
the continental epochs m \\ esteni 1 urope ovcrlasted considuable pi nods of time 
The antiquity of the Atlantic and Pacific is uitam, evtn their primitive character 
is possible Thus there are two conditions, land and deep sea, leasomng regarding 
which must he quite difluent from that applicable to the intermediate conditions 
It is exactly these intermediate stabs which present practical and speculative 
difficulty Theories which account for mountains and oceans fail to explain the 
“ oscillations ” whu h wi le wont to bo app* aled to when terrestrial and marine sur¬ 
faces succeeded each other But the assumed movt ment of the land is by no means 
a certainty, and, as in the kmdrtd case of faults, we rued trims which shall be neu¬ 
tral, whether the land has mortd upwards oi the sea ahiunk downwards The 
terms Palaeozoic, Mesozoic, and Came, zoic have long held their places from the re¬ 
luctance to distmb established nonienclatuu as well as from tne difficulty of in¬ 
venting appropriate substitutes, but if retain* d at all, we know now that the rela¬ 
tions they represent are not tht same tor tin torrestiial, the dup oceanic, and the 
intermediate areas, any more than the life is the same under those three conditions 

I have once bofori called attention to a p*ave difficulty in the physical geography 
of Scotland, and as Mr Soeley has smeo then rawed the same question without ob¬ 
taining on answer, I would again state the case, as out which seems to involve the 
revisal of some definitions 

The Silurian hills of South Scotland aie commonly said to have been covered by 
Old Red Sandstone and even bv Carboniferous stiata—patches of these rocks being 
met with on the south aide of the fault which defines these hills, with their abrupt, 
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coast-like margin Been from Edinburgh or from Symington fetation on the Caledo- 
man hue But the surface of these feilunans w as denuded bt fore the Old lied 
tunes, as Mr Ueikio has Bhowed Nay, valleys existed as now, and m the same 
positions as now At the present time tlio rivers flow in identically the same 
Yallejs,mat least the cases of theNith, tho Ymmn, the 1 nudu, and the Liddell, 
and the boundaries of tho areas aie so well knew a that we tan safely assert no 
buried channel to exist sueh as we find on th< tributaries of the t lyde that the 
< hannels were occluded in glacial turns we may take t ir entain , th it the obstruc¬ 
tion has bton wihhtd awnv and the courses i leand is tqually ceituin Iho surface- 
contours wero not materially altered, so that the letruiting itc Lfl hollows in the 
position of tlit old valleys But tho case is quite diftert tit win n we deal with the 
older rocks Thor succession is marked by unconformities and overlips, which it 
is impossible to pictuie as associated with lull pmsorvation of the Aurtaa-features 
on winch they were hud down, and when the thickness comes to be as much aa 
1000 feet or more, and of that thickm a part at least made up of marine strata, 
the rclip^c ot all the stiearns to their old courses w an evtnt of tho li ghisl impro¬ 
bability Mr r«pkv has pointed out how the dip of strata may under certain cu- 
i uniat races t oiucido with their thinning out to the margins of their area of di posit, 
ckauges of angle in highly inclined strata pointing in the sumo direction 1 he 
ordmaiy nil of protracting stivta and thus restoring tkoir thickness ovir the adja¬ 
cent high ground, is (in the c ist at least of South Scotland) a method w Inch imposes 
on atmospheric denudati m lu n if aided by the s< n a most cornpln ated task 
Had time peinutted it mi n ht have been mti n sting to n >to the changing phrase¬ 
ology regarding fault*, and the pertinacity with which phrases involving the most 
unsatisfactory and improbable can ation continues to bo used 1 nca^st and down¬ 
cast, uptki nvand downthrow, displacenn nt upwards or downwards the so it may 
be saia are of small importance they are only symbols But, in the first place, 
they are niischn \ous so far as they give students confused ideas with which to 
contend, and in the sic rad place, the continue d acciptam e of loose phraseology is 
peculiar to geology J \on m metaphysics, where the subject-matt* r is much more 
eonvennntlv discussed in ordinary language now terms are employed to a gruvt 
extent Bat important as I theiefore regard the«o terms from tne teacher s point 
of view, the greater importance attaches to the accuracy of the notions which 
undtrlio our language regai ding the processes and rates of dtpisit nnd denudation 
So far as our p u sent knowledge goes, wo must accept it as certain that theie is 
some limit t) the duration of the earth in the post Noitht r philosophers nor as¬ 
tronomers are ngiet d on the essential points of the problem nor have they consi¬ 
dered all the possibh < hanges in the position of the earth s axis and in the rate at 
which the earth loses heat The limits hitherto piescnbed aie to discrepant that 
we cannot as yet accept any an fixed iNnthu have geologists so accurate a know¬ 
ledge of geological processes that they can speak with confidence either of the ab¬ 
solute or relative rates at which roeh-formatton has advanced Tho geologist has 
hitherto asked for more time, not because he Imustlf was aware of Ins need, bpfc 
from a generous regard for tho difficulties in which his zoological brother found 
himself when ho attempted to explain the diversity of the animal Benes as tho 
result of ftlowly operating cause* The geologist asked for more time amply 
because he could foi m no just estimate of wliat was n< eded for the phy meal processes 
with whose results he was familiar But palaeontological domination is now at an 
end, and tho increasing number of geologists who aie also competent physicists 
and mathematicians seems to mark a new school, which will stnvo to interpret 
more piv uscly the accumulated facts Such at least seems the history of the past 
fifteen or twenty years Such seems the direction in which speculation now tends, 
and in the foregoing remaiks I have endoavoured faithfully to represent the drift 
of our science To m iny here present much of what I have said is already familiar, 
I therefore give plaie to the more legitimate business of tho Section, looking to 
receive elsewhere “such censuics as may be mv lot w 
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On the Physical Structure of the Highlands t» connexion with their Geological 
History . By His Grace The Duke of Akuylt., A.? 1 ., F.R.S., F,G S,* 

The questions dealt with by fJoological Science 1 have now become so vast and 
various, that no one district of country can be expected to furnish illustrations of 
more than a very few of them. 

The West of Scotland, in the capital of which wo are now assembled, is not rich 
in deposits which illustrate tho passage of animal life from the types that have 
become extinct to those which are of more modern origin and which still survive. 
No bone-caverns of importance have been discovered, and, with one exception, 
even our river-gravels and estuarine deposits have not been esjieemlly productive. 
That exception is, indeed, a groat one It was in this valley of the Clyde that the 
late Mr Smith, of Jordan TTill, first discovered those indications of an Vrclic climate 
recently prevailing which have ever since < onstitutcd a largo and important branch 
of geological inquiry, ami the full interpretation of which still presents some of the 
most curious and difficult pioblems with vv huh w'e hare to deal But our Palaeozoic 
areas, except tho Goal Measures, are to a large extent singularly unfossiliferous. 
Neither tho Scot tub Oolite nni Lias has yielded any remarkable additions to the 
curious liiuna of which in England and elsewhere they have yielded abundant 
specimens 

But, on the other hand, perhaps no area of country of equal extent ill any quarter 
of the world presents more rem.uknble phonotmna than the West of Scotland, in 
connexion with those causes of geological change which have determined the 
form of tho earths surface, and have given to its physical geography those features 
of variety and beauty which are the increasing delight ot civilized and instructed 
men We cannot descend the course of tins river Clyde to tho noble estuary in 
which it ends without having presented to us mountain outlines and an intricate 
distribution of sea and land which raise questions of the highest interest and of 
the greatest difficulty Prom the northern shores of that estuary to Cape Wrath, 
in Sutherland, the country is occupied mainly by rocks of Silurian age, but so 
highly crystalline as to bo almost wholly destitute of fossils, and so upheaved, 
twisted, contorted, and folded into a thousand different positions, that, except in 
one great section, it is most difficult to trace any persistent succession of beds It 
is one great senes of billowy undulations traversed by glens and valleys, some of 
which arc high above the level of the sea, but mnny of which are now so deeply 
submerged that thiough them the ocean is admitted far into the bo«om of the 
hills These glens and vnllej s hr in many different directions, but there are so many 
with one prevalent direction as to give a general character to the map, a direction 
from N E to S, W, or parallel to the prevalent strike of the Silunan rocks The 
shapes of the hills and mountains are not by auy means wholly without relation to 
geological structure—because in a thousand cases the sloping outlines will be found 
to be determined by the inclination of the beds, and the precipitous or steeper out¬ 
lines to be determined by tho upturned or broken edges In like manner there are 
eases where a crumpled or knotted outline is the index of beds doeply folded and 
contorted along anticlinal axes But nevertheless there are also innumerable cases 
wher« no such relation can be traced , where the mountains seem to have been cut 
out of some solid mass, all the rest of which has been removed by some agency 
which left these great fragments standing by themselves, and of which the con¬ 
tours cut across the lines of structure at every variety of angle Along the whole 
western face of this country it is guarded from the open ocean by an archipelago 
of islands, some of which are separated from the mainland by submerged valleys 
no broader than those which separate one hill from another m the inland glens. 
Many of these islands are wholly occupied by the dobns and the outbursts of extinct 
volcanoes The mountains which are thus composed bear, in many cases, the 
characteristic forms of lava-streams, but nianv others are not readily distinguish¬ 
able in outline from the mountains of wholly different materiel winch are near 
them. They reach tho same general average level of height, here and there 
rising into peaks very similar to others of a widely different age aud of a widely 
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diflerent material Moreover all the uJnnd* paitake laigely of the general character 
of the mainland in having then deeper valleys submerged, and in being thus 
deeply indented by anus of tlit kr similar to ihoso which gi>e their pccuhar out¬ 
line to the adjacent eousts 

It may eer\e to bung more Mvidly Ik foie you tho fac is of the pliy sioal geography 
of this country (for winch it 1 * oiil ot tho duties of geologists to account if they 
can) if I give you some statistical tacts affecting the single county of Argyll, 
which begins on tho northern slunc of tin 1 irth of Clydf hollowing thi coast¬ 
line of that county fiom thi lit ad of loch I ong, which is its southern and 
eastern boundary, to Loch Aylort, whit Ji is its north m and western boundary, and 
including its island*, we find it nieasurt s no less than 22HU milts in It ngth, of 
which about 840 represent the sinuosities of the mainland mid 1440 reprmnt 
tho coast-line of its larct r island* There are, besidt s f valleja which are now 
inland, and are occupied by freshwattr lakes which evidently, at a recent penod, 
were arms of the s» a and then u present a further line of uust, measuring 270 
milts lhtie aic 11 jnnnpal arms of the sen, each of them measuring from one 
to six and thirty miles in length Iwo t f tht*e arms of the sea evcecd tho 100- 
fathom lino in dt \ th—I och I \ ne and the I miih© 1 < t h , audit is very remaikable 
that the so deep t>( unding* do not occm mar tilt points whore these lochs join the 
more open sc n l ut on the (outran f u up tlu n c otusc or bed Among the mountains 
Tho nug< s dividing thcht and otlui valley s vaiy in Novation iiom lulls of veiy 
mode rate height to tin langt (f (_ niocl an which mum diati ly be yond the boundary 
c f the count) culminates in Ik n "V v is, win* li n nrs its head almost on a level 
with Ben Maclfiun, now wutmrn 1 to be the highest summit in the British 
Isles hut no stnt sties can gm an idea cf the uitruftey with which sea and land 
art mterioldcd on oui western rousts cun pa i able with that w 1 ich i«gumdln some 
ot tho many beautiiul views win h abound on the heights in the vicinity of Oban, 
whence the visitor can e inimaud the entianro ot I uh Ltive, with tlu course lor 
many n lies ot tho J mnbe Loch, cf tlu S mntl of Mull, tht Sound of lverrcrn, and 
the Birth of Lome 

Now the question naturally arises—to what geological ages and to what 
geological causes do we ow e, in its main features, this curious distiibution of land 
and sea d I say in its mam features, because, of course the more superficial 
sculpturing of tveiy mountainous country is undergoing metseunt modification, 
and this modification may have been, and probably has bem, very considerable 
indeed within times which, geologically speaking, belong to the existing age But 
the question I put has reference to tho epoi h of past time, wIjlu the main outlines 
of hill and valley were determined, when the great mass of the country (winch ban 
been, I believe correctly, identified as composed of metamorphosed Silurian beds) 
was elevated into the vano ua mountain chains which now constitute its charac¬ 
teristic features 

If the question had be(n asked some five and twenty yeais ago, I should have 
said that the evidence pointed to an age of groat geological antiquity for the 
central group of Highland mountains, in bodio shape very like that in which we 
see them All round the edges of the country there ere the remains of the Old Red 
Sandstone, which often fife into the contour of the valleys and have loft fragments 
in nooks and recesses of the lulls It would almost seem ns if they had been the 
shores of the sens or great lakes in which that groat system of deposits was laid 
down, and that they lifted their heads above those wateis in forms not wholly 
unlike those m v\ Inch we now see them The total absence over almost the whole 
country of any other oi later rocks, the absence among tho debris of any material 
other than that of which the hills aie themselves composed, would seem to confirm 
the same general conclusion 

Some doubt, however, may seem to have been thrown on this conclusion, since 
it has become coitaln that it (annot be true of at least one district of our western 
mountain*, which is nevertheless closely related to all the rest, having the same 
general elevation, partaking of the same general bend of coast-lines, cut up by 
si milar valleys, and fitting Into the same contours of denudation The district to 
which I refer is that of the volcanic islands which stretch from the south end of 
Mull to the north end of Since the discovery, which I was fortunate enough 
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to make m 18/51, of the leaf-bed* of Ardtun, it has become clearly ascei tamed that 
these islands are the remains of volcanoes of that geological age to which an ever- 
increasing interest seems to attach—that middle age of tho great Tertiary division 
of geological tmie to which Lyell gave the name of Miocene The mountains of 
Mull, and of 1 lgg, and of Kona, and of Skye, with all their valleys and intricate 
lines of coast, have unquestionably an origin later than the Miocene—how much 
later, is the question of pkyeu al geography which ge dogists are called upon to solve 

It is possible, indeed, to suppose that the hills of the mainland might De of a very 
different age from those of the adjacent islands, and against this, until some two 
years ago, there would have been nothing to advance except the suspicious 
similarity and adjustnunt betwirn the two groups the coincidence of their out¬ 
lines, and of the way in which they have been cut and earned But the admirable 
researches of Mr Judd, in 1874, ha\e brought one little feet to light which speaks 
volumes for the enormous changes which must have taken place since the volcanoes 
of the Miocene over a portion at h ast of the Highland arei, and which may, 
therefore, have takin place over the whole of it The land upon whuh the 
Miocene vegetation flourished, and upon which the lava-streams of its volcanoes 
were poured out seems to have been fir the most part a land consisting of Cre¬ 
taceous and Secondary rocks The fragnunte of that country which remain are 
generally consistent with tho suppositn n that they were deposited in a sea which 
washed round the bases of the Highland mountains, but which never covered 
them lake the fragments of th* Old Red Sandstone, the remains of the Secondary 
rocks lie along the margins and fnngt s of tho Silurian hills But Mr Judd has 
made the startling discovery of an outlier of the whole senes ot the Secondary 
rocks, including representative beds of the Trias, Lias, Greenaand, and ( balk, to¬ 
gether with deposits, probably I ocuatnne, oil lying on the top of one of the moun¬ 
tains of metamorplnc gnt iss which constitute the district of Morven This fragment 
has been presen ed by having hi en covered bv a sheet of lava from some great neigh¬ 
bouring volcanic centre, the position ot which is probably indicated by Ben Mors 
in Mull But the mass of volcanic trap which has covered up and preserved this 
relic of the Cretaceous land is itself a fragment occupying the top of a mountain of 
gneiss, separated from the remainder of the sheet of lava to winch it belongs by 
deep valleys, precisely similar to those which divide the hills from each other 
throughout the whole area of the Highlands lhis position of an outlier of the 
Cretaceous rocks on the summit of a w mntoin of gneiss is rendered still more 
curious by the circumstance that in that position the beds are not tilted or in any 
way apparently disturbed 1 lmy are arranged horizontally, os if the ocean floor in 
which thoy were deposited had occupied that level, or as if its deposits had bet n 
lifted up over so large an area that any small section of that area could retain its 
onginAl homontahty lhe Lower Silurian gneiss beds on which theso Secondary 
deposits have betn laid aie violently twiBtcd and contorted, and this structure 
must have belonged to them when they constituted the flour of tho Cretaceous 
sea The position of the Miocene basalts capping the Secondary deposits proves 
that tiie wnole mountain, as a raountom, is of later date than the Miocene age— 
how much later we cannot tell ? and thus that the causes of geologual change 
which have cut up the country into its present form, though they doubtless began 
m vory remote epochs, have at least been prolonged into a comparatively late age 
In the history of the globe 

It would, I think, be affectation to protend that our science enables us to follow, 
with any thing like distinctness of conception, tho exact nature and sequence of 
operations which through suqji a vast lapse of tune have brought about the final 
mult But I believe in something like the following general outline of events. 

First That subsequent not only to the consolidation, but piobablv also to the 
metiunorphism of the Lower Silurian deposits, the whole area of 1he Western- 
Central Highlands became an area of that kind of disturbance which arose from 
lateral pressure due to secular cooling and consequent contraction and subsidence 
of the crust of the earth 

Second That the crumpling, contortion, and tilting of the Silurian beds which 
we now see arose from that disturbance 

Thtrd, That than wore determined those great general lines of strike running 
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from N.E. to S.W. which are to this day a prominent feature in the physical 
geography of the country, 

fourth That during that period of disturbance, and as part of the movements 
which then took place, the disturbed rocks fell inwards upon materials at a great 
heat, winch rose irf a pasty state along tho lines of least resistance, and thus 
came to occupy various positions, sometimes intercalated among the sedimentary 
bods 

Fifth That to tins period, and to this method of protrusion we owe some at 
least of tho masses of granitic material which are abundant in the Highlands. In 
particular, that to this period belong the porpbjntic granites on tho northern shores 
of Loch F> ue 

Sixth That during the later ages of the Palaeozoic period, volcanic action 
broke out at \aiions points, accompanied by great displacement and dislocation of 
strata, and that to this, with the denudation which followed, we owe much of the 
very peculiar scenery of the south-western coasts, especially in the district of Lome 
in Argyllshire 

Seventh That we have no proof that the Central TTighlands were ever under 
the seas which laid down the deposits of the later Paleeozoic age 

Eighth That such evidence as we have points rather to the conclusion that 
they were not under those seas, since such iragments as remain of the Old Red 
and of the Carboniferous rocks appear to have been deposited round the bases and 
in the marginal hollows of the Hilunan lulls 

Ninth That m like manner we have no evidence that the great mass of the 
Western or Central Highlands was ever under the seas of the Secondary ages, 
which on the coutrarj, appear to have deposited their sediment upon an area outside 
of, but probably surrounding, the area of those Central Highlands, and certainly 
upon their nortb-eastern and western flanks 

Tenth That the whole area of the Inner Hebrides and of the waters dividing 
them, together with some portion of the mainland, as in Morven, was an area 
occupied by Secondary rocks, 

Etetenth That m the Tertiary ages, probably in the Eocene, and certainly in 
the Miocene, these rocks formed the basis of a great land of unknown extent, very 
probably extending for a great distance both to the east and west of tho present 
coasts of Scotland, and embracing the north of Iieland, 

Twelfth That this country became in the Miocene age, and possibly earlier, the 
scene of great volcanic outbursts, which covered it with vast sheets of lava and 
broke up its sedimentary rocks with every form of intrusive plutomc matter 

Thirteenth That lator m the Tertiary periods, and perhaps as late ah the 
Pliocene, this volcanic country was itself broken up by immense Hubsulonces and 
upheavals, giving both occasion and direction to the agencies of denudation and 
to enormous removals of material 

Fourteenth That this Tertiary country had been thus broken up and nothing 
but its frograonts left when the Glacial epoch began, and that the main outlines of 
the country, as we now »ee it, had been already determined when glacial conditions 
were established 

Ffteenth That thus the work of tho Glacial period has been simply to degrade 
and denude preexisting hills and to deepen preexisting valleys 

Sixteenth That during tho Glacial epoch there was a subsidence of land to 
the depth of at least 2000 feet below the level of the present sea, and again a 
reolevation of the land to its present level. 

Sevefiteenth That this reelevation has not restored the land to the level it 
stood at before the subsidence began, but has stopped greatly short of it, and that 
the deep arms of the sea or lochs which intersect the country, and some of the 
deeper freshwater lakes, such as Loch Lomond, are tho valleys still submerged 
which at the beginning of the Glacial epoch where high above the sea and furrowed 
the flanks of loftier mountains 

4 Eighteenth. That during the Glacial period tho working of denudation and 
degradation was done, and done only by ice, in the three well-known forms —1st, 
of true glaciers descending mountain-slopes ; 2nd, of icebergs detached from the 
termination of these glaciers where they reached the sea, and 8rd, by floe or 
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surface ice, driven by currents which were determined indirection by the changing 
contours of the land during the processes of submersion and reelevation 

It would be impossible on this occasion to lllustrtte or support theso various 
proportions by going into the evidences on which they rest Hut ns those of them 
which relate to the operations of the (Uncial epoch express a decided opinion upon 
questions now involving much dispute, I must nay n few words in explanation and 
defence of that opinion 

Tt will l>e seen that I disbelieve altogethei m the ihoorv of what is called an 
Ice-cap , or, in other words, I hold that there is no evidence that there ever existed 
any universal mantle ol ice highei or deeper than all the existing mountains, cover¬ 
ing them and moving over them from distant northern regions 

In the Urst place, tins tlmiry presupposes < ondition* ol climate winch must have 
prevailed universally over tlie whole northern hemisphere, whereas over a great 
portion of that hemisphere west of a eertnm meridian on the American continent, 
all traces of general glaciation nnd of any geneial distulmtion of erratics disappear 

In the second place, the theorv assumes that masses ot jcelying upon the surface 
of the earth, more than mountain-deep, would have a proper motion of their own, 
capable of overcoming the friction not only ot rough level surfaces, but even of the 
steepest gradients, for which motion no adequate cause has been assigned, and 
which has never been proved to be the natural consequence of anv known force, 
or to be consistent with the physical properties of the material on whuh it is 
HUppoHiMl to have acted 

In the third place, as a matter of fact there do not now exist anv where on the 
globe masses of ice whit hcan lie proved to have nuv motion of this kind, or to be 
subject to forces capable of dnvmg and propelling it in tins mnnner and with the 
effects which the theory assumes The case oi Oieenland, which is otten referred 
to as an example, dues not present phenomena at all similai to those attributed to 
the ice-sheet 

In the lourth place, all the phenomena of glaciation which nre exhibited on the 
mountain-ranges, including the distribution of erratics,can l»o adequately accounted 
for by the thiee conditions or torrus of moving ico which have lieen above 
enumerated, and all of which are now m actual operation on the globe, namely — 
ice moving, not up, but down mountain-siopes by the iorce ot gravitation, and ice 
floated by water and driven by cun cuts as lcelierga or as floes 

In the fifth place, these phenomena of glaciation are essentially different from 
those which would result fiom the motion ot a uniyersal ne-shect,*even supposing 
it to have existed and supposing it to have had the (improbable) motion which has 
been ascribed to it 

In the sixth place, and in particular, the mode in which erratics are distributed 
ftnd the peculiar position ol perched hlocks are demonstrative of the action 
not of solid but of floating ice ; whilst the surfaces of ro< k, which have escaped 
glaoiation on one side and retain the deepest marks of it upon another, aro 
equally demonstrative of exposure to moving ice under conditions which did not 
enable it to flt into the irregularities of surfaces over which it passed 

In the seventh place, the phenomena seem to mo to prove that some of tho 
very heaviest work done by ice has been done towards tue close of the Glacial 
epoch—when the land was emerging again from out of a glacial sea, and when all 
the currents of that sea, loaded with bergs and floes, were determined entirely by 
the outlines of the rising land 

In regard to the much disputed question of the glacial origin of Lake-basins, 
the conclusion to which I have come is one which, to some extent, reconciles 
antagonistic views, I do not, indeed, believe that glaciers can ever dig holes deep 
under the average slope of the surface down which they move , but, on the other 
hand, they are the most powerful of all abrading agents in deepening their own 
bed and cutting away the rocky surfaces which he beneath them. 

If valleys thus deepened by the long work of glaciers and glacier-streams are 
afterwards submerged along with the whole country in which they lav, and if that 
submergence is accompanied by partial and unequal rates of subsidence, they 
would inevitably become hollows into which the sea would enter, or in which 
flreih waters would accumulate. In this sense, and in this way, It can hardly 
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admit of a doubt that those lakes, 'which aro nothing but submerged valleys^ are due 
in part to glacioi action, although the othei half of the causation on which they 
depend is to be sought in the subterranean action of subsidence 
In conclusion, T would observe that although the fact of a great subsidence and a 
reeleiation of the land dunng the Glacial cp^ch has bun generally admitted to be 
one of the facts of which tin n is the clouest ovidouot, it is neurlhelcB# a fact 
of which all tho conditions and all the cm^quenrey litno been ino^t imperfectly 
recognized 

Without icntunng to go so far hack as to imagine lln pioccss of Milmleuce and 
submergtnce, let us ml) think for a moment of that mm t limit of leelovation 
wluch has u rtainl) been one of the \t r) latest of the great movements of geological 
change If it took pi ice ver) gmduallv 01 very si n\lv, it ntc switatea the supposi¬ 
tion thatevciy inch of our mountain-surfon s, up to at least -.000 feet, has been in 
succession exposed to tho conditions of a bl i-b<*ftch \et where are the mirks 
upon thorn of such conditions J A\ e mu\ suppose suili maiKs to have been 
generally obliterat d by later subaenal d< nudation But against this is to be set 
the fact that the pofcili >n and distnbutn n i f p( rch< d blocks and other erratics 
deposited by floating ice demonstiab, m my opinion tint vtry little indeed of 
such denudation has taken place sinct they wuc placid vs lieu wo now see them 
I could tako an) of sou who are lntuistediu this questn a t s a pricipil uh hill 
neai Iuvorary, some 12 K) fut abju tin 1 s el of tin soi fi m the top of which you 
can look down on tin masyos ol tninsi oik 1 rock stranhd iq on its Hilts and hast, 
precisely as ouo might look down mm tho top of sum dangeious rtof in the 

E resent ocean up m tho di hris of a whole navy ot ships shattered uptn it in some 
urncane of ytstudu Thoie they he—some more or less ecatteiod, some heaped 
upon and juumed against tach other with sharp anglca and outlines wholly 
unworn and moieovu so distributed that vou s eatagUnce their stuct relation to 
the* xistmg heights and holl ms of the land which must lu xo ha\e boon the shoals 
and channels of the sia Iheae contouis cann )t ha\L bun materially changed 
since that sea was tli ire It seems that it must ka\ e lit* u tht u , geologically speak¬ 
ing, only a vei 7 few da\s ago 

And this conclusion would eum to he < onfirmed win n wi ob^en c tho phenomena 
which are present in eeitmn casts where the land has clearl\ icst< d for a consider¬ 
able time and the ocean has left in raised beaches the i l idence of its work at 
certain levels Such ru*< d beaches aie to be found at m uiy points all round our 
western coasts, hut incomparably the finest and most lnstiuctive example ot 
them is to be seen on iht wt st coast of the island ot Jun neat the mouth ol Loch 
larlxrt Jura, and extending for several miles to tho north these beaches are 
visible fiom a gr( at distauoe, because their rolled pebbles urt t imposed entirely of 
tho h p rd whiti quart/ite of tlu Tura mountains, which resists disintegration and 
w very unfavourable to the succt sstul est iblislmient of vegetation I visited these 
beaches a few weeks Ago, and, measuring the election roughh with a graduated 
anoioid, I found that they reprt siut three more oi less distinct stages of subsidence, 
one beach being about th level of 50 fi el abovo the present sea another about 75 
feet, and a third at about 125 feet Some others, which I saw only from a distance, 
appeared to be higher, and I beln vt, but am not quite sure, that further to the 
north they have been lrac< d to the le\ < 1 of 100 fett 
But the feature connected with thise sea-beaches, and especially with tbo 
lowest or the 50-feet beach, is tho evidence it affords, first, of tho length of 
time dunng which the ocean stood at that level, and secondly, and particularly, 
of the very recent date at which it must have stood there As regards the 
length of time dunng which the ocean must have stood there, it is sufficient 
to observe the beautiful smoothness and roundness of the pebbles, they have been 
more thoroughly rolled and polished than the corresponding pebbles on the existing 
shores, equalling in this respect the famous pebble-beds of the Chesil Beach at 
Portland Then, as regards the very recent date at which tho ocean must have 

C tood there, it is difficult to give in words an adequate idea of the impression which 
nost bo left on tbo mind of every one who looks at them \ ou see the curves left 

by tbo sweep of the surf, the summit level of its force, and the hollow behind that 
summit which is due to the exhausted crest—all as perfect as if it had been tbs 
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work of yesterday. Isis difficult to conceive how ordinary atmotspheiic agencies 
and even tho tread of sheep and cattle, should not have broken such an arrangement 
of loose material But there are exceptionally favourable circumstances for the 
preservation of those beds fiom absenre of considerable streams and tho protec¬ 
tion of surrounding rocks There is little or no evidence of glaemtiun anywhora 
around, and although it is certain tlmt tho sea which stood at those beaches so 
recently was a sea subject to facial conditions, it is equally certain either that it 
continued to work there uflei tlioso conditions had passed a\vn\, m, what is movo 
probable, that that particuliu hue of coast was protected fiom the duft of surround¬ 
ing ice-does 

if, now, v\e compare the evidence of recent action m these sea-beaches with the 
similar evidence connected with the position of erratics at far higher levels, which 
<un only liave been placed thoie by floating ice, I cannot help coming to the con¬ 
clusion that the submergence and leclevation of the laud to tho extent of more 
than 2000 foot nbov o tlu* lev< 1 of the piest ut ocean has been ono of the very latest 
changes in tho historj of thw portion of tho globe , and, mmcover, that the recleva- 
tion 1ms been compaiatmly i.ipid, probably by lifts 01 hitches of considerable 
extent, and that (lune \\ me few, if any, pauses or lests comparable in duration with 
tlioso locorded in the Jura beaches and in the (utting of the ousting coasts 

Finally, let mo lcpcat that whether this comlusionn unimt or not (and I 
am well awaie of (lie main difficulties winch sunound it), the general fact of sub- 
mcigence and leelevnlion is, pci haps, as certain as an\ lonclusion of geological 
scienco, and that tho eonsequew cs of it m ai counting tor tho distribution of gravels 
and the moat recent changes of denudation lmvu never as yet boon woiked out with 
any thing reproaching to consistency or completeness 


On the Sub- Wealthn Exploration. By Major Bn iumont, M.P. 


On the Granite of Sti alh~Et i icl ) Lough Ne$* By James Bryce, LL.D 

The author described a granite tract a little distance from the shores of Loch 
Ness, and near tho Fall of Fevers This fall took placo originally o\ er a cliff of Old 
lied Sandstone, and this stone being of a so It character gradually wore away until 
it formed a magnificent basin almost maccosHible at the bottom, and the action of 
the water had also worn tho iolIi back to the slate which came between it and the 
granite. Ills attention had been called to the Lo< h-Ness granite tract by hearing 
that gold had been found in the lower valley of the Naim, wliuh passes through 
this granite district, and ho supposed it probable that the gold might have its 
source in this granite tract m the same way as he had found the granite of Suther^ 
land to be the true source of gold \fler describing the hunts of the gpranite 
tract, he pointed out a most rcmaiknble urciimstance con neck'd with its history, 
which was illustrated by a section m a glen above liinerfiricaig Hero this triple 
granite rises from the vullev in a direction sloping eastward, at leaning agoinfct 
the Old Red Sandstone, and ultimatelv, fnrtner oist, regularly overling it, the 
metamorphism being very remarkable through about a foot of depth, and portion* 
of granite being embedded in the Old litsl On the oast aide of the hill the Old Red 
Sandstone was regularly overlapped ln r granite, the strata of the Old lied dipping 
under it at an angle of degrees Tne well-known vitnfied fort on the top of 
the hill contains both rocks highly Mtrihed To tho west of thia another bill rise* 
composed at the base of OldBcfi.and its upper part consisting of conglomerate granite. 
He called the attention of the Soctiou specialiv to this conglomerate granite, and to 
the evidence which tho whole district afforded that tho granite here was truly 
irruptive, and not of that hydrothermal origin to which tne granites further east 
have been ascribed, The only conglomerate granite similar to this with which he 
waa acquainted was one that* he had visited some years ago at Forkhill, county 
Armagh , and he called attention, especially of Professor Ilull, to the connexion* 
of these bed* to the probable origiu of a great irruption of granite 



88 


REPORT—1876. 


On the Earthquake Districts of Scotlaiul, By Jamb** Bares, LL.D. 


On the Tidal-Retardation Argument for the Age of the Earth . 

By Jambs Croll, LL D., b.R S , of the Geological Survey of Scotland . 

Many years ago Sir William Thomson demonstrate*l from physical considerations 
that the mows which then picvailtnl in regard to geologic nl lime nod the ago of our 
globe were perfectly erroneous Uis two main mguments, as are well known, 
were, first, that based on the limit to the sun’s possible age, and, secondly, 
that based on the secular cooling of the earth More recently he has advanced n 
third argument*, bused ou tidal retardation It is well known tlmt, owing to tidal 
retardation, the rate of the earth's rutstion is sluwly diminishing, and it is therefore 
evident that if we go back for many millions ot >ears we reach a period when tho 
earth must ha\e been rotating much taster than now Sir William’s argument is, 
that had the eirth solidified several hundred nil l ho ns of veins ago, the flattening 
at the poles and the bulging at the equator would ha\e been much greater than 
we find them to be Therefore, bet uuse the earth is so little flattened, it must have 
been rotating in hen it became solid at \ erv nearly the same rate as at present 
And as the rate ot rotation is becoming slower and slower, it caimot have been so 
many millions of years back since soliclification took place 

A few years ago I ventered to point outf what appeared to be ft \ery obvious 
objection to tho argument, vi7 that the jnfiuome of subaeiml denudation in alter¬ 
ing the form of the earth had been entirely oveilookcd , and as the validity of the 
objection, as far as l am aware, has never lx*en questioned, I had been induced to 
believe that tho argument refened to had been abandoned But I find tlmt Pro¬ 
fessor Tmt, in his woik on i Recent Advances m Physical Science/ restates the 
argument fts perfectly conclusive, and makes no reference whatever to mv objection. 
As the subject is one of very considerable importance, I may 1 m> permitted again to 
direct attention to tho objection in question, which bnefly is as follows — 

It has been proved by a method pointed out a few years agoj, and whn h is now 
generally admitted to be reliable, that the 1 ocky surface of our globe is being lowered 
on an average, by subnmal denudation, at the rate of about 1 foot in 0000 years. 
It follows as a consequence from the loss of centrifugal force resulting trom the 
retardation of the farth’s rotation, occasioned by the friction of the tidal wave, 
that the sea-level must be slowly sinking at the equator and rising at tho poles. 
This of course tends to protei t the polar regions and expose equatonal regions to 
subaenal denudation. Now it is pnrfoelh obvious that unless the sea-level at the 
equator has, in consequence of tidal retardation, been sinking during past ages at a 
greater rate than 1 foot in <>000 years, it is physical!) impossible that the form of 
our globe could have been very much diiTerent from what it is ut present, whatever 
may have been its form when it consolidated, birauso subaernil aenudation would 
have lowered the equator as rapidly as the sea sank But in equatonal regums the 
rate of denudation is no doubt much greater than 1 foot in 6000 years, because the 
rainfall is greater there than in the temperate regions It has been shown in the 
papers above referred to that the rate at which a cmintiv is boiug Jowored by 
subaenal denudation is mainly determined, not so much by the character of its 
rocks as by the sedimentaiy carry ing-power of its river-systems Consequently, 
other things being equal, the greater the rainfall tho greater will be tho rate or 
denudation 

We know that the basm of the Ganges, for example, is being lowered by denu¬ 
dation at the rate of about 1 foot in 2300 years, ana this is probably not very far 
from the average rate at which the equatorial regions are being denuded It is 
therefore evident that subaenal denudation ih lowering the equator as rapidly as the 
sea-level is sinking from loss of rotation, and tlmt, consequently, we caunot infer 

| * Trans Glasgow Geol Soc. vol ih, p 1 

t 'Nature/ August 21,1871, 'Climate and Time/ p. 835. 

t ‘Philosophical Magacine/May 1868, pp 878-384, February 1837, p 130, 'Climate 
and Time/ chap xx., Trans. Glasgow Geol Soo. vol ui p. 163. 
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from the present form of our globe what was its form when it solidified In so far 
as tidal retardation rail show to the contrary, its form, when solidification took 
place, may have been as oblate as that of tho planet Jupiter 

Thore is another circumstance which muHt be taken mto account The lowering 
of the equator by the transference of the materials from the equator to higher lati¬ 
tudes must tend to increase the rate of rotation, or, more properly, it must tend to 
hssm tho rate of tidal retardation 


Oh the Variation in 77i ichiess of the Middle Coal Measure* of the Wigan 
Coal-field By 0 K De Rvnce, b 1 (LS , of 11 M, Geological Survey . 

Fiom the Arley Mine, the lowest coal-seam of this senes, to the luce-Yard Coal, 
at Worthington, noith of Wigan, the measures are 2200 feet in thickness, thinning 
50 feet per mile to the S W to Prescot, where the measures are only 1445 feet in 
thickness, and 57 t<»ot per mile to the N K towards 11 urn ley, where the measures 
between the equivalents of ttuise coals are only 1000 teot in thickness—proving 
the Wigan coal-basin to be not merely a synclinal ot subsidence, but one of deposition, 
the axis of which was showu to have gradually travelled northwards in time from 
the district of St Helens to a punt noith ot Wigan The importance of arranging 
colliery sections in a definite geographical direction, and the importance of noting 
the occurrence of very thin coal-seams and horizons of fire-clay and of Beams full of 
Anthracosuiy were insisted ou as moans ot identifying equivalent coal-seams across 
a distnet Great lateral shifts were shown to have occurred between many of the 
great N N W. faults which traverse the Wigau district and divide it up into a 
senes of belts. 


On Lahyrnitkodont Remainsftom the Ifijnr Carboniferous (Gas-Coal) 
of Jiohemia By Dr Anion Fritsck. 

Tho beds of gas-coal whuh are now being worked at so many localities, both in 
Europe and America, serve not only to illuminate our chambers, but to throw fresh 
light upon many branches ol paheontologioal science, for these beds of gas-coal 
have been found, to yield a remarkably fine fauna, especially rich in the remains 
of Labvrinthodonts, fishes, and insects 

During tho last five years, I have been so fortunate' as to discover in Bohemia 
two localities which arford us beautifully preserved relics of ancient life thus en¬ 
tombed in the gofl-eoalB 

One of these localities is Nyran, near Pilsen, in the western part of Bohemia, the 
other is KounovA, near Kakonitz, in the north-west of the country 

In both of these places the gas-coals are found to be situated on the top of the 
Coal-measures proper, but beneath the true Permian deposits. The plants of these 
beds arc closely allied in character to those of the Coal-measures, but tho animals 
appear to be of Permian types. 

I do not intend upon the present occasion to enter into a full enumeration and 
description of these interesting fossils , but I take the liberty of submitting to this 
Section of the British Association series of specimens of casts and of plates of some 
of these fossils which I have brought to this country for the purpose of comparing 
them with the similar remaius found in the British Coal-fields 

The first three plates exhibited contain enlarged drawings of very small Laby- 
nnthodonts of tho group calfod by Prof Huxley Mirrosauna One of these, not 
more than one inch (P) long, has the skeleton completely ossified 

The fourth and fifth plates are dovoted to a largo species of Labyi mthodos^ of 
about 5 feet in length 

Among the specimens, the mithoi drew attention to the tooth of a Ctew>du* % of 
which species tho bony parts of the skull were found preserved 

Of the remarkable genus Ihplodue a lower jaw with teeth served to show that 
these latter are not, as was formerly supposed, the dermal spines of a Kay. 

Among the insect-remains was observed a new species of GatriswvcKus, speci¬ 
mens of which cover the whole surface of some slabs of tbe rock. The restored 
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drawing illustrated tho enlaigement of the seventh pair of appendages in this species 
into swimming-feet 

The species of Jnlui, called by the author J (onifmi*, shows how little the forms 
of this genus have changed m the interval between Palceo/oic and relent times 
The rich materials which are now accumulated in the Museum of Prague will 
require for their illustration about £10 01 40 platos in the monograph which the 
author is now prepaung on this very interesting vertebrate fauna 


On the Physical Geology and Gtolof/tcal Stiueture of Foul a 
By Gforgh A Gibson, ft! B , B S< Ed nib 

Taking up, in the first place, the phv8iographiM.il geology of the island, in con¬ 
nexion with llio agencies involved, the nnpci describes the coast aceneiy, and dwells 
upon tho contrast between tho low and rupg< d rastern side and the stupendous 
cliffs which overhang the western sea This stiikmg difference ia shown to be due 
partly to the superior powers of resistance to weathering evinced by the mateiials 
of the sandstone rocks ps contrasted with the crumbling schistose masses, and also 
to the fact that in the former the stiata dip aw ay from the cliffs 

Tho inland features nre ne\t takin np m detail Tho five lulls mo' found to bo 
on the west side, three ot them (Tuoratield, the Sneug, mid the Knnie, vvluch, taken 
by aneroid, roach 1CHX), PPjO, nnd 1150 feel over son-level) forming an axial chain, 
whilst the other two (Soberly, 050, nnd the Noup, 700 foot high) are distinct 
The last three are noticed as funning pienpu es fiom (heir Hiimimts sheer into tho 
sea, and all, except the Noup, which is dome-shaped, ns having a conoid outline, 
the stoepest sides of which lace the north .and eist As the din is S 8 W , these 
hills are therefore held to have a contour in accordance with the empirical law, 
noted above, that the strata dip away from the side winch has tho steepest elope 
Tho drainage is of course seen to ho easterly 

The lithological character of the rock masses is then detailed, along with their 
architectural leatures and Btratigraphical relations The eastern side is described 
ft* composed of gneiss, very similar to that of Loch Marco, and of mica-schist with 
intruded veins of granite, having a strike from N W to 8 E , agreeing therefore 
with the presumably Laurentmn of Scotland , this, however, is not to he regarded as 
of great significance, on account of the variable strike of similar locks m Shetland. 

The sandstone senes is shown to he separated by ft fault from tho metamorphic 
rocks, running from N N T W. by N to S S TC by S ,nnd along winch dislocation tho 
rocks uro changed into hard quart? rock There is described an unbroken succession 
of sandstones and flags for two miles, at an average dip of more than 26°, whoso 
thickness cannot be estimated at loss than 4100 feet 

No fossils having boon discovered in these rocks, tho> are then compared in litho¬ 
logical character and position with the other sandstones of Shetland Differences 
in composition and texture are pointed out to be due to altered conditions of depo¬ 
sition, the Urossav and Lei wick flags and sandstones belonging, with the Foula 
beds, to the Old Jted Sandstone ot the Caithness series 


On the lle<l Sod of India By Dr. OincimsT. 


On the Strata and Fossils between the Borrowdade Scries of the Coniston Flags 
of the North of England By Prof. Haiucnesh, F.R S , and Prof. A. II. 
Nicholson, MM . 


On the Upper Limit of the essentially Marine Beds of the Carboniferous 
. Sifstem of the British Isles , and the necessity for the establishment of a 
I Middle Carboniferous Group. By Prof. Edward Hull, F,RS., #c. t 
Director of the Geological Survey of Ireland. 

Id this paper the author endeavours to show tho equivalent stager throughout 
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the Bntoh Isles of the members of the Carboniferous system, and divides the whole 


into successive stages from X to G, thus — 

* 

Staged 

Name 

Localities 

U 

Upper Coal-measures 

Middle „ 

Lancashire, N \\ alts 

1 

1 ugland, Scotland Ireland 

1 

1 owtr ditto, (l Gatinistei Beds 

] ngland W all s Irelnnd 

J) 

Millstone Grit 

1 ngland, Scotland, Ireland 

c 

A uTedalo b< ds 

England Ix>w t r C oal fu Id of Scot¬ 
land, Ireland 

B 

Cftrbonifi ions J nnastone 

England, Ireland, Calciferoua 

A 

Lower Carboniftious Slate, 
grits aid conglomeiatc s , 

L( wor I miestonc Shalo 

S uidstouc ot Sc Hand 


These "beds are tlieu identified, both by position and palaeontological remains, 
over the whole aien nnd had to sonn important results Rejecting the evidenco 
of fish and plant lemains which are inconclusive, the auth i finds tint* there is 
a strong palmontoh gionl distinction betwec » stages I mid 1 —th< fauna of the one 
(L) being essentially marine, that of the other (1 ) essentially estuarine or fresh¬ 
water The lists of spent s have been o\tr leted tioin the lnetnoua of the Geological 
Survov, tlio doterimnati )n being tli sc it tlie late lhofesm r 1 1 orbes, Mr Salter, 

and Ati Baifv Tlu author of tins paper is leapousibh for the d* t< rtnination of 
the siifttigraphieal positic n ot tin btds n mi which the spenos have b en obtained 
He finds that there are ftb mt species of marine genera in stngo 1 (G Minister 
beds, or Lowei Coal-measiues)*, ot which 33 come up from the Carboniferous 
limestone but only 4 or 5 pass up into the overlying stage I (Middle Coal- 
measures) indicating ft strong pair ontological break 

Again, of H man no spot us louud at ran intervals in stage I (Middle Coal- 
measures) 4 mo peculiar to this / >n<, and the remainder are common to it nnd 

stage J* lhe remaining species belong to the genera Anffoacosta, Anthracomya , 

&c, which some authorities rogani as of frislnvator origin, othus estuanne, the) 
me probably either these genera pass into stage G 

These difhrenccs, together with some of a strati graphical nature, betwten stages 
h and G on the one hand and E, 1), C ou the other, aio so striking that the author 
submitted that they should be recognized in the classification of the beds , and he 
proposed to establish a Middle Carboniferous ’ division, to inclndi all the stages 
from the loredale (( ) to tlio Ginmstei (E) inclusive This stage would do 

e scntmlly marine while the term 1 Upper t arbomferous would bo restricted to 

the stages E find Cr, which are shown to bo estuarine or freshwater The term 
Lower Carboniferous would ltmtun as at present, to designate the ( nibomferoua 
Limeston ) and basal beds of the system, stages \ and B 
The author has reason to btliov e, from information supplied by Tiofessor K iomer, 
of Breslau, that the marine stage E can be identified on the continent, both in 
Belgium and Germany a band with (nmatUtts and Aucutyiccten occuning about 
100 feet above the base of the Coal Measures, while, as wo learn fromGeimU, the 
molluaka of the Coal-formation gem rally belong to the genus XJnxo (Anthracostd), 
ao that tins remarkable dinsion, with its marine fauna, boa hod a range as wide as 
tlie British Isles and Western J urope, and marks the upward limit of the essen¬ 
tially marine conditions of the Caibomferous system 


On a Deep Boring for Qoal at Scarle , near Lincoln Communicated fry 
Profesaoi Eduard Hull, FKS 

This boring was undertaken about two years «go by a small company of Lincoln¬ 
shire gentlemen under the advice of Mr J T Boot, mining engineer, of Mansfield, 
from whom I have received information and specimens constantly durum the ope¬ 
rations, besides having visited the locality in June 1875 The works nave been 
*-earned out by the Diamond Rook-boring Company, and specimens of the oores were 
laid on the tablo 

* They have since been considerably added to —February 1877 
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The total depth attained up to this turn is 2015 feet Tlie bormgr commences 
n the Lower Lias at a spot about 0 miles south-west ot the city of Lincoln, and 
after triverwing the I las, Rhtotic, Keuper ami Buliter beds, the Upper Penman 
and Lower Permian, it entered the Carb miferous lormation at a deptn of 1901 feet, 
the remainder of the section being in f irb miferous strata 
The general succession is as follows — 

Depth Thickness 
ft M 


Alluvium 


10 

10 

Lower Lias C lay 


00 

50 

Rheetic Beds 9 


115 0 

85? 

Keuper 

j Mails 

700 

601 

| Lower Sandstone 

0)8 

252 

Buuter Sandstone 


1500 

542 

Permian 

| Upp( r Marls and Magnesian Limt stone 

1^84 

184 

| Lowe r Sandstone 

Grey grits with plmts, shales with 
small bivalves ( 4nM/uco««) 

Bluish calcaieous shales and earthy 

1900 

Id 

Carboniferous 

1055 

55 

Beds 1 

limt stone 

2020 

05 


| Fine br< ccia 

2024 

4 


[ Chocolate col< ured hard clays 

20 JO 

6 


The temperature at 2000 fret wm 70 1 takeu with one of Ntgrottis thermo- 
meters supplied by Pr>fess< r Fvoiett, of Belfast At a depth t 017 feet a strong 
feeder of water was enc rnnterc d m the I oWer Keuper Nandstone and a still sir mger 
at 1250 in the Hunter Sandstone when tlie water rose 1 feet abne tin giouud 
Ibis water unquesti luably percolites undergiound fr mi u distance of 10 or 12 
miles, where the beds c rop out 

Ibis boring is exceedingly interesting as giving the depth of th< Carboniferous 
rocks so far from the borders ot the Nottinglianislme coal-held, and as giving the 
thickness ot the overlying formations, but it has (untoitunately for tlie epiutrd 
gentlemen who have undertaken it) not as y*t produced anv sahstactor> results 
The Carbomterous beds are of so peculiar a chaiacter that I hesitate to attempt to 
identity them with any particular division of tho Carboniferous system Mean¬ 
while, as the boring is still Kong prosecuted, it is hoped that specimens of & ramo 
definite nature may be brought up 


On Tertiary Basalt-rock Dykes m Scotland By R L Jack, F O S 


On some New Minerals^ and on poubly refracting Garnets 
By Dr Von Las it lx 

The writer exhibited specimens of the new mineral which he terms melanophla - 
atte in consequence of its peculiarity of becoming black when heated before the 
blowpipe It occurs in v<ry small cubic crystals, ot pale brown colour, seated on 
little sc alenohedra of calcite which are associated with the sulphur and celestine 
of Girgenti, in Sicily According to analyses, melatiophligjte contains 80 29 per 
cent of silica, 7 2 of sulphuric acid, or some acid of the thionic series not yet de¬ 
termined 2 8 of strontia, 2 80 of water, and small quantities of alumina and ferric 
oxide Dr Von Lasaulx also exhibited specimens of his new species aenmU , and 
several microscopic sections of garnets which exhibited double refraction ITe 
entered into an explanation of the causes of such optical irregularities m mononietnc 
crystals, aud referred them partly to the effects of tension, pai tly to chemical altera¬ 
tion, and partly to complexity of structure, due to alternations of isotropic and 
Hpsotropic minerals Thus the variety of garnet called colophonite appears to be a 
mixture of true garnet and ldocrase, hence, whilst one part exhibits single refrac¬ 
tion, another part shows double refraction 



TRANSACTIONS Of THB SECTIONS. 


On the Changes affecting the Southern Extension of the Lowest Cat boniferous 
Bocks By G A Lebour, F G S 

In Scotland the lowest division of tho Oarbomfoious series consists of the rocks 
called i the Cahiferous Sandstones ’ by Maclaren, and usually known m the 
north of 1 ngland as “luedian ’ Prof Geikie has shown that the lower limit of 
these rocks morses insensibly into the upper portion of the Old Red Sandstone senes 
In England tluir uppei limit seems to be equally indefinite, and runs in a kind of 
lateral dovetailing into the lower beds of the Carboniferous Limestone series or 
“Bemician ’ It is this mtrgmgof 1 uedian into J^mician which fnms the subject 
of the papei Norm remaiks as to the terminology ot the senes followed, and also 
a short account of tho higher divmi >ns of tht Carbomftroua as repri sented in the 
north of 1 nglond, punting out oapeoilly that the mode of deposition there was 
nearly of the samt character from the base of the Millstone Out to the Old Ked 
senes, a slight and very gradual change from brackish to purelv marine conditions 
being the only one of a Hufhuently m irked and important < baracter to be taken 
into account Tho author admits but two t arbomferous divisions—the Upper, con¬ 
sisting ot Coal-measuros, Ganmstu beds, and Millstone grit, and the I ower, inclu¬ 
ding the Bcrnician or Carboniferous Limestone and the Tuedian or talciferous 
Sandstones 


On the Parallel Roads of Glen Roy By J Macfadzean 


On the Parallel Roasis of Glen Roy By David Milnf-Home, LL D. 

The object of the author in this paper was to notice the views of Dr Tyndall 
given m a Lecture on Glen Ro>, delivered in the Royal Institution, London, on 
2lst June, 187(5 

The author thought that Dr Tyndall had allowed to himself too short a time, 
viz only two days, for an < xamination of the I o<haber district as m that space it 
was impossible to see more than a tenth part ol tho things which should be exa¬ 
mined for a solution of tho Parallel Roads pioblom 

Dr Tyndall had apparently gone to the district with preconceived minions in 
favour of the glai xer theory to explain how the lakes had been confaned His know¬ 
ledge of the Swiss glaciers ominontly qualified him to see on the spot whatever 
could be urged in support of that view But, after all, tho result of l)r Tyndall’s 
inspection had only satisfied him that there was a “probability ’ ot the correctness 
of tho glacier theory, though a probability so great as in l)r Tyndall s opinion to 
** amount to a practical demonstration of its truth ' 

To pave the way for the adoption of the glacier theory of lake-barriers, Dr Tyn¬ 
dall began bis lecture by attempting to annihilate what seemed to him the only 
other explanation worthy of notice, viz that hrst suggest* d by Sir Ihos Dick Lauder, 
and defended by Mr Milne-IIome, that the lakes were dammed by detrital blockage 
He states that this explanation may with safety be “dismissed as incompetent 
to account for tho present condition of Glens Gluoy and Ro\ 

Dr Tjndall, however, seems to have supposed that no better support could be 
given to the detntal theory except what was stated m Sir Thomas Laud* r s paper, 
published about sixty years ago, ignoring altogether what had betn advanced m 
support of the theory by later writes He, for example, states that the detntal 
barriers were supposed by Sir Thomas Lauder to have been heaped up by u some 
unknown convulsion," a view which no one now suggests, and wmch Sir Thomas 
himself never entertained 

What is stated in support of the detntal theory is, that a blockage existed at the 
mouths of the glens, created by the detntus, which then filled the valleys, and 
which reached even to tho mountain tops at heights of nearly 2*500 feet above the 
sea Dr Tyndall admits the abundance of detntus at these heights, and even allows 
that the Parallel Roads were formed on the detritus 
Glen Collang shows that the barrier there must have been only 700 or 800 yards 
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in length and about 000 feet in height, as the lakes in that Glen must hare been 
separated by a blockage of those dimensions 

Dr Tyndall alleges that all the glens on the south mdo of Glen Spean were filled 
with ice whilst those on the north side were failed with water But so far from 
there being evidence of these valleys being filled with ice, it appears that they also 
were occupied by lakes, the traces of which are still visible in old beach lines. 

Even it there had been glaciers in (ileus Treig and N Eoin, as suggested by Mr 
Jameson, it would have been nnposaibU for these glaciers to have protruded tongues 
long enough to have reached the places in Glens ltoy and Oollang where barrier* 
are required to have been 


On High level Ten aces iti Canon Valley, County of Linlithgow 
By David Milxr Homf, LL D 

The river Cftiron runs into the Frith of Forth near Grangemouth The princi¬ 
pal tributary is the Bonny 

The whole of that district situated to the east of the Kilsyth and Gargunnoch 
hills is covered with doen bods of gravel and sand The sand occurs in beds, mostly 
stratified and geneiallv nomontAl 

Eo manut losmls have boon f mnd in those drift-K.ds, but tho gieat probability 
18 that tht y are marine 

1 he first set of terraces occur at a height of about 140 to 160 foot above the sea 
Flats at that height tccur on both sides of the voll< y some miles west of haikuk, 
these fiats slope towards the eastward, i e towards the sea, so that near Grange¬ 
mouth they vorv little exceed 60 or 00 feet above the sea 

lerraces at a height of from 140 to 160 feet occur also in the upper parts of the 
Cnr^e of Stilling 

'Ihe second set of terraces occurs only along the banks of the merv, and is at a 
height in the ( arron of about 16 feet, and m tho Bouny of about 20 feet above the 
present course of these rivers 

It is presumable that these Laughs were formed when the Canon ran in a channel 
about 27 feet above its present level, and when the Bonny ran about 2S feet above 
its present level 

The formation of tbeso haughs indicates that the rivers had run permanently in 
channels at that height The sea therefore, in sinking, had paused in the process, 
and had stood at a height of about 24 or 25 feet above the present level 

This inference is confirmed by the fact of there being traces of an old sea-beach 
at about that height visible along the coast of the Fnth of Porth 

The pebbles in the gravel-beds of the district are generally fragments of the hard 
porphyry rocks of the Gargunnoch and Kilsyth hills, situated to the westward 
They could have come from no other quarter 


On ihe Bagshot Peat-Beds By W S Mitchsld, LL.13. 


On Circinnatc Vernation of Wphcnoptens affinis fiom the Earliest Stage to 
Completion , and on the Discovery of St&phyloptero, a Genus new to British 
Bocks By C W Praob, A.LJS 

The author stated that he had met with Sphmoptens affinis in the Carboniferous 
“ blaes ” (shales) of au oil-shale pit at West Calder, near Edinburgh, In circmnate 
vernation, and with it a cunous form, apparently a Staph ylopUrts (?), new to British 
rock § Several species of this new genus have Wn found m Carboniferous rocks 
by the officers of the Geological Survey of Illinois and Arkansas, in America, these 
| are figured and described, bv I eo Lesauereux in the Geological Transactions or those 
* States The author stated that his differed from all these, and thus, until more is 
known about the British one, he had provisionally given it their generic name. 
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On the Mountain Limestone of the West Coast of Sumatra By Dr F ItoitKU 


On the llatsed Beach on the Cumberland toait, between TV Jutehmen an l Bon - 
nets hit It Klssfit, CL, 1 G S , and J V Iloiaits, l 0 S, If M 
Gedoyual buneij, Lnyland and M aha 

On tlu. toast of ( umberland betwun Woikmgton mid Bowm^ tho remains of 
nn old hul b< hc li can be nn st distinctly followed, and south fr nu th( former place 
th 16 is abundant ivid me to show that the ih vation of the land maikcd by this 
lmcd beach nth ct< d the vvh do of this portion of the west ( ast of Cumbeiland 
Iho chu ict( nstic app< aiance w Lucli the iaiR d beach presents is a flat of greater 
or less width stretching inland—in anno cases t< ranna ting at the base of a cliff, and 
in other lnsLincos bounded by u flat fium 4 to 5 feet below tho level of the surface- 
grav el of this fld beach 

N nth of \\ oikmgton we have an example of the former c ise, and at Silloth an 
instant e of tin lattei 

ihe suifaco of this flat is covert 1 with a numb i ot ndgt s appioximatelv parallel 
to the coast line ami t t each )Uui and Llicso ndges ( nsist ot sand and giavel par¬ 
tially Coveicd atvauous plnus al ng tilt exist with blown saud Tins ndgy ap- 
ptftumco is seen i> bn exactly like tl at poiti n 1 tbo present bach lying be¬ 
tween the levels of the lnght st spring- and the highest neap tides, wheie small 
ridges of gravel uio obsoivedtv be thrown up at the van nm dilli relit levels to which 
the tide flows in the mteival b twttn tI k two pen >ls abovt referred t> Typical 
oxuiuplts rhftiftcttustic ot litt mil dt posits me seen at AN oikmgton, Hnrrmgton, 
St Hu s, an 1 at mum rous plat es along the coast 

Ihe goutral rt seiubhnut b twuu this ay per U met Rnd the present bach, even 
in the absence of untune shells in Hit fount r, shows that the process of formation 
ill both ca^s must havt been the name 

On llu coast btvvtui Workington and Whitehav<n it exists m small isolated 
patches as at the noith end ot the rulgc at Chapel IIiH, at Hamngtou, at Porton, 
and at Whitehaven I rom Woikmgton northwards through Maryport to Brown 
Itigg the line of an old m a chtl is toi the most part very distirn tly marked, at the 
base of which occurs a flat ot fiom 10 chains to 2 chains in breadth , at AUonby 
this flat is boundid by a grm 1 or sin ugh ndgi , while from Silloth north to Gruno 
Point, and across Mortcambo B ly, from Ant horn to the Solway Viaduct, tho country- 
on tht east of the old btich consists of a loamy plain, several feet below the level of 
this beach, from d to 4 miles broad, and dotted here and there with a few patches 
ot sand and gravel 

The height of the raised beach is from 20 to 25 feet, rarely < xcceding 30 ft et nbov e 
the present sea lovi 1 However the base of the old sea-cliff from Oyster Bank to 
1 otter Gill noith ot NN orkingtou, is about 40 feet above mean seo-h vel, ami there 
is no distinctive clifl marking a 25-feet beach, it would therefore* seem that after 
tho first upheaval the elevation continued to take place very gradually until 40 feet 
was attained, the beginning of tin penod of elevation bing indicated by the level 
of the land at the base of this clifl, and its close bv the prt sent si a level 
A consideration of tho evidence to bo obtained from Homan comps nnd other 
remains along the coast seems to i ouiirm the conclusion arrived at bv Mr Milne- 
Home in regard t> tho latest elevation of the land ou tho bcotch coasts, viz that 
it was prior to tho Hainan occupation of this countiy 


Notts on the Lb ifts and Doublet $ of the upper pm t of the Valley of the tyharfe, 
Yorl shu e By Kcv E Skwell, M A , F G S , F It 6 S 

It is evident that the W harfe valley m many places must once have been filled 
up to a certain height with gravelly drift and boulder-clays, containing a very 
large quantity of Miflstone-gnt blocks, and that since then tho rrver has exca¬ 
vated a clianuel in the drift to the d<*pth, m many places, of at least 150 feet* 
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Now if we suppose the gravelly drift to have been deposited by the river Wharfs, 
this must have taken place after the Olaciftl period, as it is clearly of newer date 
than the two boulder-clayB It would follow that tho longitudinal slope of the 
nver-course and other conditions must first ha\e been favourable to deposition, find 
that afterwards the conditions changed, so as to enable the river to commence that 
process of denudation, or carrying away, which is still going on 

While, however, it ih somewhat difficult to roncene of postglacial change* so 
great as these, necessitated by this theory of the fluwatile origin of the gravels, 
we have no clear evidences of smh changes having occurred since the final emer¬ 
gence of the land above the glacial sea 

The rival theory that the gravels were deposited by the sea during the gradual 
rise in tho land accounts for their pell-mell and vantai character, and for the exis¬ 
tence of boulders lying at all angles. The latter may have been dropped from 
floating ice which may still have lingered on the surface of tho Hea 

At a considerable elevation above the channels of the Aire and Whorfe, and 
where there is little or no clay or gravel, many angular and subangular boulders of 
limestone may be seen resting on Milhtone-grit They ha\e chiefly been trans¬ 
ported from between the north and west, and in manv instances they would appear 
to have crossed the intervening valleys and ridges Mr Mackintosh mentions two 
limestone erratics near the south-west corner of Km finny Moor, at an altitude of 
about 1100 feet above the sea They may likewise be seen on Barden Moor, and a 
large number have been found at Bmden KoservoiT, about one mile south-west of 
Barden Tow'er A few small fragments of limestone may be found resting on the 
Milletone-grit of Roinbolds Moor, south of Ilkley, at n height of at least 1100 feet 
above the sea 

On the east side of the Whnrfe valley, n^nr u Applctreewick," there is a hill, 
consisting of Mi IN one-grit, called Symonds Seat (marked in tho Ordnance Map 
Earls Seat) On the side of this lull limestone fragments, which must have come 
from the w est or north-west, may be traced up to a height of 1200 foot above the 
aea, but not to a greater height, os I lately ascei tinned 

At High Skyreholme, or Trollas Ohyll, about a nnle to tho north of this hill, 
aro found a most inteiesUng senes of limestone-ravines, ranging east, north-east, 
and south-east, whose almost perpendicular sides rise 800 feet, their summits being 
not less than 160 yards distance from each other, 1200 feet above the level of the 
sea On their rugged bottoms aro scattered vast numbers of huge blocks of Mtll- 
etone-gnt in all directions 

The whole of this district, is, genlogif ally, exceedingly interesting 
The author believes it may now be regarded as a fact there are no erratics on the 
eastern slope of the north Pennine Hills m the distru t under notice at a greater height 
above the sea than 1200 feet On the western slope it is well known that they hate 
reached a considerably greater altitude 


On the Upper Silurian Rocks of Lesmahagow. By Dr. H Slimon. 


On the Age, Fauna , and Mode of Occurrence of the Phosphorite Deposits of the 
South of France. By J. E. Taylor, F,G S. 


On Ridyy Structure in Coal , with Suggestions for accounting for its Origin. 
By Prof, James Thomson, F.RS.E . 


Further Illustrations of the Jointed Prismatic Structure %n Basalts and other 
* Igneous Bods. By Prof. Jamms Thomson, F.R.S.E. 
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On certain pre-Carboniferous and Metamorphosed Trap-dyke* and the Asso¬ 
ciated Bocks of North Mayo r Ireland By William A Trajli, MAI , 

FJt GJ31 1 H M Geological Survey of I? eland 

The author Ant described the locality m North Mavo lying between Downpatrick 
Head and Broad Haven, and referred to the geological map of Sir liichard 
Griffith 

1 he physical feature* presen tedpTecipitous coast sections at Keady Point 3*>2 
feet high, and at Ben wee Head 829 feet high, m bold and perpendicular headlands 

The geological formations comprising the older or metamorphic rocks lying to the 
westward consist of flaggy quartzites and micaceous schists, often much contorted 
and overlapped The newer or CAiboniferoua rocks extending from the Glenglaasera 
liver eastward, with a primary dip E N E at low angles, comprise white, >ellow, 
and red sandstones, with green and red shales, and limestone bands and beds 
further eastward 

These Lower Carboniferous sandstones rest unconft rmably on the metamorphic 
rocks, which is beet seen along one side of a fault atFohernaaeevaun, at the mouth 
of the Glenglaasera river The basal bed of the Carboniferous strata is a con¬ 
glomerate of from 1 to 4 feet in thickness, meiging into the overlying sand¬ 
stone beds 

With all due deference to the author of the geological map referred to, the presence 
of the band of Devonian rocks, as there represented intermediate between the meta¬ 
morphic and Carboniferous rocks, was called in question and regarded ae not 
existing in that locality 

The intrusive igneous rocks of the district, though much resembling each other, 
and both belonging to the basaltic type, were shown to belong to two distinct 
epochs with regard to their time of formation, and also to possess characteristic 
distinctions 

The older set are undoubtedly of pre-Oarbomforous age, as unmistakable frag¬ 
ments are found in the basal conglomerate of the Carboniferous rocks, and they 
seem to have existed before and to have been metamorphosed with those beefs 
among which they had been intruded Ihey largely penetrate the m< tmnorphio 
rocks, but are not found within the area of the Carboniferous strata. They occur 
chiefly in sheet-hke dykes up to 160 feet in thickness, and are often contorted with 
the beds they penetrate, though apparently the cause of some of the minor crump¬ 
lings They are seldom hexagonal, spheroidal, or amygdaloidal in structure 

As examples of these, specimens were exhibited ana detailed descriptions given 
of dykes on Benmore and Glencalry, at Belderg Harbour, and I agntraurragha, 
showing the effects of the metamorphic action upon them, viz the change from a 
bard splintery microcrystalline basalt towards the centre, to ft fibrous homblendio 
schistose rock, with soft green chlonte and nests of green chlontic mica, the ex¬ 
tenor becoming very schistose, platy, and micaceous, resembling a mica-schist, in 
part, those might be considered diabases The felspar is plagioclaatic and has a cha¬ 
racteristic white weathering in crystalline mottlings through the greenish base. 

The adventitious minerals frequently present are mica, chlorite, epidote, garnets, 
hornblende, quartz, oalcite, varieties or relspAr, and iron pyrites 

The newer set, or post-Oarbomferous dykes, are probably of Tertiary age, and 
to All cracks or fissures or hues of faults They ore basalts md6lly in vertical 
if hm and always cut the sheet-hke dykes, and are frequently hexagonal, sphe¬ 
roidal, or amygdaloidal in structure, and usually bear W N W and JR S L, and 
seldom exceed 25 feet in width By their decomposing they separate many of 
the Imall islands from their reeptetne headlands by narrow precipitous gullies, or 
farm chasms into the cliffii one of these clefts has vertical walls over 450 feet 
h%h, and in part does not exceed some 10 feet m width, this same Assure also 
cuts off some four islands from their adjacent headlands, the view down which is 
anxort unique 


On the Sub-Wealden Exploration By H Wiilett, FGS 
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Recent Researches into the Organization of some of the Plants of the Coal - 
measures By Professor W. C. Williamson, F.B.S, 

In bringing the subject before the Geological Section the author chiefly aimed 
at demonstrating the structural identity of Calamttes and Calamodendron and of 
Lepidodendron and SigxUarw, The stems of Calamttes described in his first 
memoir published m the ‘Philosophical Transactions 'were very) oung ones, mwhich 
the highly distinctive Oulainitean organization was well preserved, and in one of 
which the vascular cylinder, composed of a ring of detached woody wedges, was 
enclosed in a thin parenchymatous undifferentiated bark He now exhibited a series 
of specimen^, beginning with one less than inch in diameter, in which the vas¬ 
cular cylinder vs as represented by little more than a circle of the canals, ono of 
which is located at the inner angle of each vascular wedge, and in which the bark 
was thin undifferentiated parenchyma. From this starting point, the author passed 
through a senes of intermediate examples up to one in which a large pith was sur¬ 
rounded by a cylinder of vessels having a circumference of 15 inches, and which in 
turn was enclosed within a bark 2 inches in thickness The outer portions of tho 
vascular cylinder had lost most of tho special arrangements of its tissues so charac¬ 
teristic of young Btoms, which were now modified into a mass of thin radiating vas¬ 
cular wedges, separated by equally thin medullary rays, the condition being almost 
identical at tho nodes and at the intemodes The Dark also is uow differentiated 
into two layers, an inner parenchyma and a thick outer prosenchyma, the cells of 
tho latter assuming the prismatic type There is little or no doubt that externally 
to this the living plant possessed at least a third layer of parenchyma not preserved 
in the author’s specimen. 

A senes of sections was then exhibited, demonstrating the erroneousness of 
Brongmart’s distinction between Lepidodendron and Stgiuarxa The author had 
previously pointed this out m tho case of the Lepidodendra charactenstic of the 
lowermost Carboniferous rocks obtained from the Burntisland deposit He now 
showed that it was equally true of tho common L sclagmotdes of the Upper Coal- 
measures, whilst L hai courtu has only the structure long ago described by Brong- 
mart, v iz an inner vascular cylinder not developed exogenously All the other 

a dodendra referred to possess an outer exogenous cylinder such as Brongniart 
;ved to be charactenstic of StytUarta. ana which exists m tho Anabathra of 
Witham and the Dtploxylon of Corda. The author thus concludes that the Lep%~ 
dodendron harcourttt represents the lowest degree of development seen amongst the 
Lepidodendra , as SigtUarta exhibited the highest, whilst the Leptdodendron soUup- 
notdes of the Middle Coal-measures occupies an intermediate position* 


On the Junction of Granite and Old lied Sandstone at Corrie and Glen Sannov, 
Arran . By E. A. Wunbch, F.GJS. 

The object of this paper is to show by specimens and diagrams that the rock 
intervening between the granite And the stratified rocks on the north-east coast of 
Arran is not, as held by Professor Ramsay and Dr. Bryce, a band of slate. There 
s no slate in all Glen Sannox, nor as far south as Brodick Castle. Tho sedimentary 
rocks, Old Red and Carboniferous, cropping upon the shore, retain in a remarkable 
manner the same general dip, the initial direction of which, is given to them by 
the great anticlinal axis of mid Sannox, and abut right against the granitic nucleus 
of the island. 

As we approach the junction, at a height of about 800 feet from the sea-levs^ 
the angle of inclination becomes more highly inclined, and the hitherto clearly 
stratified beds assume a granitoid structure 

At the point of contact the Old Red Sandstone is so altered aa to resemble dale, 
And was mistaken for such and circumstantially mapped down as an extensive 
Tband of alftte by Dr. Bryce; but no one can mistake the real character of the lock 
if he begin hia examination in the bed of the burn, about 60 yards below the 
junction, where the Old Red Sandstone is seen exposed in its unaltered state, fine** 
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grained and of the usual deep red colour, dipping S.E at an angle of about 45°, 
and starting from this point the gradually altered character of the rock becomes 
apparent every few yards as we proceed tow Ards the junction 

Tho first appearance of change is shown in a senes of chocolate-coloured rocks 
with greenish veins and streaks traversing them, and as these become more indu¬ 
rated they turn lighter in colour, and take on a beautifully mottled appearance, 
closely resembling vanegated marble, and finally, within a few jards of the junc¬ 
tion, the rock turns dark grey or almost black The actual contact is beautifully 
eeen on tho almost perpendicular face of the rock, under a waterfall formed by the 
small burn flowing o\er the lip of the Come south of the grand peak of Ciod-na- 
oigh. 

Identically the same appearances are observed when ascending up to the granite 
in the bed of the “ White Water,” the falls of winch forma conspicuous landmark 
on the hillside above Come. 


The author made these two points typical, and his specimens and diagrams re¬ 
ferred to them, but numerous other sections are laid bare in the Bmall bums and 
ravines intersecting tho hillside, and bear out the same conclusions 

The author showed a diagram from Come to the White Water, showing that if 
it were not for the extensive denudation that has taken place we should probably 
see the Carboniferous rocks abutting against the granite, as they must originally 
have done lie also gave an enlaigod copy of l)r Bryce’s map of tho localities 
referred to, accompanied by a duplicate map of tho same localities and on the same 
scale, with the supposed slate leplaced by tho Old Red Sandstone. In Glen Sannox 
burn tho junction appeals to take place by contact of the granite with the massive 
Old Red conglomerate, and ho was ablo to exhibit specimens quarried out of tho 
bed of the burn showing largo rounded quartz pebbles m a stato of sonufusion and 
the matrix of tho rock traversed by alternate black hands and streaks and white 
soniigronitic veins and patches, but though the actual junction must bo within a 
few yards of the spot where he quarried, he was unable to lay it bare, owing to tho 
deep water and tho mass of gra\el and sand in tho bed of the bum. 

lie also mentioned that everywhere at the point of contact vv ith the Old Red 
Sandstone tho gramto is delicately mottled or cloudod (os shown by his polished 
specimens), aa if the black him ot the absorbed mass lmd remained floating and 
become fixed in the white pasty mass. And this appearanco ho holds is in itself 
sufficient to point to a junction of granite with rock otliei than slate , for though 
innumerable instances may be seen in other parts of tho island of junctions of 
granite with true slate, in not a single instance is the adjoining granite offoctod 
in this particular manner. 


On Siliceous Sponges from the Carboniferous Limestone near Glasgow. 

By John Yovnu, F.Q.8+ 

The author exhibited a senes of mounted specimens of spon^o-spicula re-, 
cently obtained from a deposit of rotted limestone filling fissures m the Carbo¬ 
niferous Limestone senes at Cunningham Bod land, near Dairy, Ayrshire. He 
stated that the discovery of the spicules was due to the investigation of the 
deposit by Mr* John Smith, of the Geological Society of Glasgow. He was not 
aware of similar sponge-spicules having been found in any other Carboniferous 
limestone district within the British Isles, and their abundant occurrence in this 
deposit testified to the existencp of sponges with large siliceous spicula over this 
tract of the Scottish Carboniferous sea-hot tom. 
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BIOLOGY. 

Addrm by Alfred Rubsel Wallace, F.R.G.S^ F.L.S.^ Frnident of it* 

Section. 

The range of subjects comprehended within this Section is so wide, and my 
own acquaintance with them so imperfect, that it ib not in my power to lay 
before you any general outline of the recent progress of the biological sciences. 
Neither do I feel competent to give you a summary of the present status 
of any one of the great divisions ot our science, such as Anatomy, Physiology, 
Embryology, Histology, Classification, or Evolution—Philology, Ethnology, or 
Prehistoric Arch fie olog> , but there aio fortunately several outlying and more or 
less neglected subjects to which I have for some time had my attention directed, 
and which I hope will furnish matter for a few observations of some interest to 
biologists, and be at the same time not unintelligible to the less scientific members 
of the Association who may honour us with their presence. 

The subjects I first propose to consider ha\e no general name, and are not easily 
grouped undeT a single descriptive heading, but they may be compared with 
that recent development of a sister science which has been termed Surface- 
geology or Earth-sculpture. In the older geological works we learnt much about 
strata, and rocks, and foscils, their superposition, contortions, chemical constitution, 
and affinities, with some general notions of how they were formed in the remote 
post, but wo often came to the end of the volumo no whit the wiser as to bow 
and why the surface of the earth came to be bo wonderfully and beauti¬ 
fully diversified j we were not told why some mountains are rounded 
and others precipitous, why some valleys are wide and open, others narrow and 
rocky; why rivers so often pierce through mountain-chains, why mountain 
lakes are often bo enormously deep, whence came the gravel, and drift, and 
erratic blocks so strangely spread over wide areas while totally absent from 
other areas equally extensive. So long as these questions were almost ignored, 
geoldgy could hardly claim to be a complete science, because, while professing to 
explain how the crust of the earth came to be what it is, it gave no mtfclhgible 
account of the varied phenomena presented by its surface. But of late years these 
surface-phenomena have been assiauouMy studied , the marvellous effects of denu- 
datifltt and glacial action m giving the final touches to the actual contour of the 
earth'a surface, and their relation to climatic changes and the antiquity of man, 
have been clearly traced, thus investing geology with a new and popular interest, 
and at the same time elucidating many of the phenomena presented in the older 
formations 

Now just as a surface-geology was required to complete that science, so a aurface- 
biolog v was wanted to make tne science of living things more complete and more 
generally interesting, by applying the results arrived at by special workers to the in¬ 
terpretation of those external and prominent features whose endless variety and beauty 
constitute the charm which attracts us to the contemplation or to the study of nature* 
The descriptive zoologist, for example, gives us the external characters of ani¬ 
mals ; the anatomist studies their internal structure, the histologist makes known 
to us the nature of their component tissues, the embryologist patiently watches 
the progress of their development, the systematist groups them into classes and 
orders, families, genera, ana species, 'frhile the field-naturalist studies for us their 
food and habits and general economy. But till quite recently none of these earnest 
students, nor all of them combined, could answer satisfactorily, or even attempted 
to answer, many of the simplest questions concerning the external characters and 
general relations of animals and plants. Why are Sowers so wonderfully varied 
m form and colour F what causes the Arctic fox and the ptarmigan to turn white 
in winter? why are there no elephants in America and no deer in Australia? 
why are closely allied species rarely found together? why are male animals so 
frequently bright-coloured ? why are extinct animals so often larger than those 
which are now living P what has led to the production of the gorgeous train of 
the peacock and of tne two kinds of flower la the primrose P Tne solution of 
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these and ft hundred other problems of like nature was rarely approached by the 
old method of study, or if approached was only the subject ot vague speculation. 
It is to the illustrious author of the L Origin of Species ’ that we are indebted for 
teaching ua how to study nature as one great, compact, and beautifully adjusted 
system Under the touch of his magic wand the countless isolated facts of internal 
and extertial structure of living things—their habits, their colours, their develop¬ 
ment, their distribution, their geological history,—all fell into their approximate 
places, and although, from the intricacy ol the subject and our very imperfect 
knowledge of the tacts themselves, much still remains uncertain, jet we tan no 
longer doubt that oven the minutest and most superficial peculiarities of animals 
and plants either, on the one hand, are or have been useful to them, or, on the 
other hand, have horn developed under the influence of general laws, which we 
mny one day understand to a much gteifei extent than we do at prosont So 
groat is the alteration effected in our compiehcnsion of natuie )>v the Htudy of 
variation, inheritance, cross-breediug, competition, distribution, protection, and 
selection—showing, as they often do, the meaning of the most obscuie phenomena 
and the mutual dependence of the most widely-sepniate mI organisms—that it can 
only be fitly compared with the analogous it Iteration produced in our conception of 
the universe bv Newton’s grand discoveiy ot the law of gravitation 

1 know it will be said {and is said) that Darwin is too highly rated, that some 
of his theories oie wholly and otheis partially eironoous, and that he often hmlda 
avast superstructure' on a very uncertain basis of dnubtlulh interpreted fac ts Now, 
even admitting this criticism to be well founded—and f myself believe that to a 
limited extent it is so- 1 nevertheless maintnin that Dm win is not ami cannot ho 
too highly rated , for Ins greatness does not at all depend upon his being infallible, 
but on his having developed, with rare patience and judgment, a new system of 
observation and ^tudy, guided bv certain general principle's which aro almost as 
simple as gravitation and ns wide-reaching in their etlecta And if other principles 
should hereaftei he discovered, or if it he proved that some of hissubsidiniv theories 
aro wholly or partially eironeous. this very discoverv can only be made by billowing 
in Darwin's steps, by adopting the method of research which lie has taught ns, und 
by largely u^ing the rich stores of material which hn hns collected The ‘Origin 
Of Species, ’ and the panel senes of works winch have succeeded it, have levolu- 
tiomzed the study of biology they have given us new ideas and fertile pi maples, 
they have infused life and vigour into our science, and have opened up hitherto 
uotnought-of lines of reseirch on which hundreds of eager students aio now la¬ 
bouring. Whatever modifications some of his theories may require, Darwin must 
none tho lee® he looked up to as the founder of philosophical biology 

As a small contribution to this great subject, I propose now to call your atten¬ 
tion to some curious relations of organisms to their environment, which seem to me 
worthy of nioie systematic study than has hitherto been given them The points 
I shall more especially deal with are—the influent e of locality, or of some unknown 
local causes, in determining the colours of insects, and, to a less extent, of birds, 
and the way in which certain peculiarities in the distribution of plants may have 
been brought about by their dependence on insects The latter part of my address 
will deal with the present state of our knowledge as to the antiquity and early his¬ 
tory of mankind 

On some Relations of Livutg Things to tlie\r Environment. 

Of all the external characters of animals, the most beautiful, the most varied, and 
the most generally attractive am the brilliaut colours and strange yet often elegant 
markings with wfiuh so many of them arc adorned Yet of all characters this is 
tiie most difficult to bring under the laws of utility or of physical connexion Mr. 
Darwin—as you are well aware—has shown how wide is the influence ot sox on 
tiie intensity of coloration, and he has been led to the conclusion that active or 
voluntary sexual selection is one of the chief causes, if not the chief cause, of all 
the variety and beauty of colour wo see among the higher animals This is one 
of the points on which there is much dnorgence of opinion even among the sup¬ 
porters of Mr Darwin, and one os to which I myself diffei from him, I have 
argued, and still behev e, that the need of protection is a far more efficient cause of 
1876. II 
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y ariation of colour than is generally suspected but there are evidently other causes 
at work, and one of these ee* ms to be an influence depending stnctly on locality, 
whose nature we cannot yet understand, but whose effects are everywhere to be 
seen when caiefully seaicutd for 

Although thi caieful experiments of Sir John I ubbock have sh iwn that insects 
can distinguish colours—as might have been inferred frt m the bnlliant*colours of 
the flowers which aie such an attm tion to them—yet we can hardly believe that 
their appreciation and love of distinctive colours is ho refined as to guide and regu¬ 
late their most poweiful instinct—that of repr duction We arc ther fore led to 
seek some other cause for the vftmd coif urs that prevail nmong insects, and as 
this variety is most conspicuous among but ter flies—a up p rhaps bettor known 
than any other—it offers the best means of studying the subject The variety of 
colour and marking among these insects is something marvellous There are probably 
about ton thousand d ffert nt kinds of butterflies now known, and about half of theso 
are so distinct m colour and marking that they can be readily distinguished by this 
means alone Vimost every con finable tint and pattern is represented ana the 
hues are often of smh intense brilliance and purity aa can be t quailed bj neither 
buds nor flowers 

\ny help to a comprehensi m ( f the causes whieh may have concurred m bring¬ 
ing about so muth diveiBity and beautj must be of value and this is mj excuse tor 
laying before jou the more unp( itant cases I hav o met with ot a connexion between 
colour and locality 

Our first example is fioin tiopical A fries win ro wo find two unrelated groups of 
butterflies belonging ti tw > verj distinct families (Njmphahdn* and Papihomdte) 
characterized bj a pn vailing blue green colour not fc und in any ether continent* 
Again, we have a group of African Piendso whu h aro white or pale yellow with a 
marginal low of bead like black spots and in the same country urn of tho I ycoomdee 
(Leplenu eutslus) is coloured bo exactly like these that it was at hrst described as 
ir species of Pterts N me of these four groups aro known to be m any way speci¬ 
ally protected, so that the resemblance cannot be due to protective mimicry 

In South America we have far more striking cases , for in the three subfamilies 
Datuttned, Aaatner, and Helvcemnner, all of which are specially protected, wo find 
identical tints and patterns reproduced, often in the greatest detail, each peculiar 
type of coloration being characteristic of distinct geographical subdivisions of the 
continent Nine very distinct genera are implicated \u these parallel changes— 
fycorea, Ceiaitma. Mechamt%$, Ithomxa , Melwcta, T\tho) m } Ac? era, Heltcomua , and 
JJtuuhs, groups of three or four (or even five) of them appearing together in the 
same livery in one district, while w an adjoining district most or all of them undergo 
a. simultaneous change of coloration or of marking Ihus in the genera Ithomxa, 
Mechamtxs , and Hdxconws wo have species with yellow apical spots in Guiana, all 
represented by allied species with whit© apical spots in South Brazil In Mechu- 
mtu, MeUneea, and llehcontun, and sometimos in Txtkorea , the species of the 
Southern Andes (Bolivia and Peru) are characterized by an orange ana black livery, 
while those of the Northern \ndes (New Granada) are almost always orange-yellow 
and black Othei changes of a like nature, which it would be tedious to enumerate, 
but which are very striking when specimens aie examined occur in species of the 
same groups inhabiting these same localities, as well as Central America and the 
Vntilles The resemblance thus produced between widely diflerent insocts is some¬ 
times general, but often so close and minute that only a cntical examination of 
structure can detect the difference between them et this con hardly be true 
mimicry, because all are alike protected bv the nauseous secretion whicn renders 
them unpalatable to birds 

In another senes of genera ( Catagramtna CaUxthca , and Agrm\ all belonging to 
the Nymphalidso, we have the most vmd blue ground, with broad bonds of orange- 
crimson or a different tint of blue or purple, exactly reproduced in corresponding, 
J et unrelated spec Lea, occurring ui tho same locality, jet, as none of these groups 
are protected, this can hardly be true mimicrj A few species of two other genera 

* Ronutbxmma and 1 faryphtne (Nvmplmlidte) Paptlio ralmem* and several species of 
the Stress-group (PapihontSn*) 
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In the same country (Eunioa and /Siderona) also reproduce the name colours, but 
with only ft general resemblance in the marking. Yet, again, in Tropical America 
we have species of ApaUtra which, sometimes m both sexes, sometimes in the 
female only, exactly imitate the peculiar markings of another genus (Ileterochroa) 
confined to America . hero, ftgmn, neither genus is protected, nnd the similarity 
must be due to unknown local causes, 

But it is among islands that we find some of the most striking examples of the 
influence of locality on colour, generally in tho direction of paler, but sometimes of 
darker and more brilliant hues, and often accompanied by an unusual increase of 
size. Thus in the Moluccas and New Guinea we ha^e several Papihos {P cuchenor y 
P ormemis, and P lydrtt*) distinguished from their allies by a much paler colour, 
especially in the females, whicn are almost white Afany species of IJanaut 
(forming tho subgenns Idcopn*) are also very palo But the most curious are the 
Euplceas, which in the larger islands are usually of rich dark colours, while m the 
small islands ot Banda, K£, and Mntabello at least three species not nearly related 
tooach other (E hoppfer\,E citrtpon, ft nd E aaxtimktto) are all broadly banded or 
suffused with white, their allies m the larger islands being all very much darker. 
Again, in the genus belonging to a distinct faniiH, threo species from 

the small Aru and KA islands (1) dews, D hetctteomi, and D, polymend) are all 
more conspicuously white-marked than their representatives in the larger islands. 
In the beautiful genus (\dhoBta, a species from the small island of Waigtou (C. 
nnene) is the whitest of the genus Prothoe is represented by a blue species in 
tne continental island of Jana, while those inhabiting the ancient insular groups 
of the Moluccas and New Guinea are ell pale yellow or white The genus ErttstUa, 
almost confined to these islands, comprises many species which are all very pale , 
while in the small island of Waigiouis found a very distinct genua, Hyantis, wnich, 
though differing completely in the neuralion of the winga, has exactly the same 
pale colours and large ocelFated spots as Enmlla Equally remarkable is the fact 
that the small island of Araboinn produces larger-sized butterflies than any of the 
larger islands which surround it. This is the case with at least a dozen butterflies 
belonging to many distinct genera*, so that it is impossible to attribute it to other 
than some local influence In Celebes, as I have elsewhere pointed outti we ha\e 
a peculiar form of wing and much larger size running through a whole series of 
distinct butterflies, ana this seems to take tho place of any speciality in colour. 

From the Fiji Islands wo have comparatively few butterflies, but there are 
several species of Dtadema of unusually pale colours, some almost white. 

The Philippine Islands seem to have the peculiarity of developing metallic colours. 
Wo find there at least three species of Euplwa\ not closely related, and all of more 
intense metallic lustre than their allies in other islands. 'Here also we have one of 
the large yellow Omtihoptera (O magdlanu <), whose hind wings glow with an 
Intense opaline lustre not found in any other species of the entire group , and an 
Adohas § is larger and of more brilliant metallic colouring than any other species 
in tho archipelago. In these islands also we find tho extensive and wonderful 
genus of weevils (Pachyrhynchus). which in their brilliant metallic colouring 
surpass any thing found in the whole eastern hemisphere, if not in the whole 
World. 

In the Andaman Islands in the Bay of Bengal there are a considerable number 
of peculiar species of butterflies differing slightly from those on the continent, and 
generally in the direction of paler or moro conspicuous colouring. Thus two 
species of PapiUo which on the continent have the tails black, in tneir Andaman 
representatives have them either* rod- or whito-titrped || Another species If is richly 
bluo-banded where its allies are black, while tnree species of distinct genera of 

* Omtihoptcra prtamu*, 0 htlena, Pap tho driphobus, P ulysfie*, P gambrmu*, P codru*> 
fphuts leuctppe, Kupfaa prothoe, Htstxa tire, Athyma jovwde, Lhadornpandarus, NympMtt 
j pyrrhus, E euryaltie, Drumlla jaxru* 

* Contributions to the Theory of Natural Selection/ pp. 168-173, 

Eupfatt hnmtfi&ntt, E dioekfaana % E !<et\fica. 

Aaolxas cathphoru*. 

PapiUo rhodxfer (near P doubled apt) and Papilio chattel** (near P. mmnon). 

Pap tho mnyn 

11 * 
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Nvmphalidae* all differ from their allies on the continent in being of excessively 
pale colours as well as of somewhat larger size 

Ill Madagascar we have the veiy large and singularly white-spotted Paptho an - 
Unor , while Hpecies of thne other generat are very white or conspicuous compared 
with their continental alius 

Passing to the West Indian Islands and Central Ament i (which latter tountry 
has formed a group of islands in vt ry recent times) we ha\o similoi indications 
One of the largest of tin Capilios inhabits Jamaica J while unothei the largest of 
its group, is to and m Mexico § Cuba has two of the sanio gt uus wliise colours 
are of surpassing bull l alley || while the tine genus L lot hi!da —c mimed to the 
Antilles and Central America—is lemarkuble f>r its nth anti show v eolouung 
Persons who are not acquainted with the important structural dillerences that 
distinguish these \arioU8 genera of buttertlies can hmdly nalue the importance 
and the sigmfuanct of such facts ns I have now detailed It may be well there¬ 
fore, to lllustiato them by su] pising pnrallel ca*es to occur am mg the Mammalia 
Wo might have toi example, in Africa the gnus the tlands mid the buffaloes, 
all coloured and marked like zebras stripe for etnpi ovoi the whole body exactly 
corresponding S> tho limes, mariui ts and squirrels of I urt p< might be all r< d 
with black teet, while the corresponding spetns of ( t ntral Asia weie all vtllow 
with black heads In hortli Amenta we might have raccoons, squinels and 
opossums in parti coloured livery of white and black bo as i xactly to resemble the 
skunk of the same country while in South America tiny might be black with a 
yellow thro it pateh so as to resemble with tqual clos ness the tavia of tho ibazihan 
foroBts \\ ere Much resemblanu » to occur in any thing like Liu nmnl ei and with 
the wondoiful accuracy of imitation met with among the I pi 1 pUra they would 
certainly attiact uuivcisal attention among naturalists, and w< uld 1 »ul to the 
exhaustive studv of the influence oi 1 ical causes in piolucn g such stall ling results 
One somewhat smiiiftr case does indeed ccur among the Mammali i two singular 
Afncan animals, the Aard wolf (Piotth*) an 1 tin hvtcnadtg (ly atm), both 
strikingly resembling hucims in their genual foim as will ns in their spotted 
markings Belonging as thev all do to tho C anmt ra, though L> thico distinct 
families, it seems quite an analogous ease to those we have linagin d but as the 
Aard-wolf and tho hyena-dog aro both weak animals < impanel with the hytcua, 
the resemblance may be useful, and in that cast would come undu the head of 
mimicry This seems tho more probable because, as a nile, tin colours of the 
Mammalia are protective, and are too little varied to allow of the influence of local 
causes producing any well-marked effect* 

"When we come to birds however, the case is diffen nt, f>r although they do 
not exhibit such distinct marks of the influence of loeaht\ as do bntteiHies—pro¬ 
bably because the eausis which determine colour are in tin ir case moie c omplex— 
yot there are distinct indications of some effect of the kind, and we must devote 
some litfle time to their consideration 

One of the most curious oases is that of the parrots of tho Vi est Indian Islands 
and Central America several of winch have white hands or foreheads, occuumg m 
two distinct genera while none of tin more nutneious parrots of South America 
Are so coloured In the small island of Dominic i we have a very largo and liclilv- 
coloured parrot ( Chi t/sotis auywta) corresponding to the large and richly-tolouied 
Papxho homsrns of Jamaica 

1 he Andaman Islands are equally remmkable, at least six of tho peculiar birds 
differing from their continental allies in bung much lighter, and sometimes with 
a large quautit> of puu white in tho plumage**, exactl) corresponding to wliat ' 
occurs among the butterflus 

In the Philippines this is not so marked a feature, yet we have here —the only 
known white-breasted kingtrow ( Dicrmus mirabdts) , the nfewly discovered Lury- 

* Fvplaa andamanentm Ceth xtahbh* C/rtstis c cle& 
t J)a?mw nosvj/ta Mclamttn mtwmnra Jha k m denthfa 

1 Pupil to homer its § P laim vs | P gundlachianus P irilfxnt 

T Pionus albifrona and Chryiot 5 netnlts (C America) ( hri/nok» talkn (Hajti) 

Kxttaewcla a/SivmtrM Gkociehla aUuqntarvs Sturna andamantnum ayloterpe gntola, 
rar lanthcrvas palumboidcs Oxmoti eron chloiopfcra 
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l&mtiA wholly white beneath , three species of lhcentn, ell white beneath; 

several rjmh h>s of Pant** largely white-spotted , while manv of the pigeons have 
light ashy tints. The buds generally, howevei, ha\e iuli dark colours, similar to 
those which prevail among the butterflies 

In (VlebeH we have a swallow-shrike and a peculiar small crow allied to the 
jackdaw *, whiter tliau any el then allies in the Hurrounding islands, but otherwise 
the colours of the birds call lor no special leniark 

In Timor and floras vve have white-headed pigeonsf, and a long-tailed fiy- 
catcher almost outirolv white \ 

In the small Lord Howe’s Island we have the recently extinct white nul 
(Koto) mu alfnt ), remwikably continstmg with its allies in tho larger islands of New 
Cenlaud 

We cannot, however, lay any stress on isolated examples of white colour, smco 
these cm cur m must of the great continents, blit where we hml a senes of species 
of distim t gem ra all dillenng from their continental fillies in a whiter coloration, 
as in the Andaman Islands and tho West Indies, and, among butterflies, in tho 
amnllei Moluccas, the Andamans, and Madagascar, we cannot avoid the conclusion 
that m these insular localities some general cause is at wuik 

There are other cases, however, in which local influences seem to favour tho 
production or preservation of intense crimson or a very dark coloration Thus in 
the Moluccas and New Cimnea alone we have bright red parrots belonging to two 
distinct families §, and which therefore most probably have been independently 
produced or pres< rved by some common cause Here, too, and in Australia we 
tave black parrots and pigeons [| , and it is a most curious and suggestive foot that 
in another insular subregion—that of Madagascar and the Mascarene Islands—these 
Mine colours reappear in the same two groups^} 

Some very cunous physiological facts bearing upon the prepuce or absence of 
white coloms in the higher animals have lately been adduced by Hr Ogle **, It 
has been found that a colomed 01 daik pigment in the olfactory legion of the 
nostrils is essential to perfect smell, and this pigment is rarely deficient except when 
the whole animal is pure white Jn these cases tho creature is almost without 
smell or taste. This, Dr Ogle believes, explains the curious case of the pigs in 
Virginia adduced by Mr Dai win, white pigs being killed by a poisonous root 
which does not affect black pigs Mr Darwin imputed this to a constitutional 
difference accompanying the aaik colour, which rendered what was poisonous to 
the white-coloured annuals quite innocuous to the black Dr Ogle, however, 
observes that there is no pi oof that the black pigs eat tho root, and he believes the 
more probable explanation to be that it is distasteful to them, while the white 
pigs, being deficient in smell and taste, eat it and arc killed. Analogous facts occur 
in several distinc t families White sheep are killed in the Turentino by eating 
Ilypenvum ntsjrum y w hile black sheep escape , white rhinoceroses are said to perun 
from eating Euphmbta (ttndefabnun , and white hordes are said to suffer from 
poisonous food whore coloured ones escape Now it is very improbable that a 
constitutional immumtv fiom poisoning bv so many distinct plants should, in the 
case of such widely different animals, be always correlated with the same differ¬ 
ence of colour, but the facts aio readily ftmlerstood if the senses of smell and 
taste are dependent on the presence of a pigment which is deficient m wholly white 
animals The explanation has, however, been carried a step further, by experi¬ 
ments showing that the absorption of odours bv dead matter, su<h as clothing, is 
greatly affected by colour, black being tho most powerful absorbeut, then blue, red, 
yellow, and lastly white. Wn have here a physical cause for the scnee-infenonty 
of totally white animals winch may account for their runty m nature for few, 
if any, wild animals are wholly white, the head, the face, or at least the muzzle 
or the nose, are generally black , the ears and eyes are also often black , and there 
is reason to beheyo that dark pigment is essential to good hearing, aa it certainly 

• Art a mitt monack w*, Corvun adivna . 

t Ptiloptti nvetu*, P alhonmtuA } Tckitira affintu, rar, 

{ L&nu*, Fob (TrithogloMidro), Fclrctvn (Palflpormthidtti) 

|f Mtaocffo&u#, Cahjptorhynchn#, Tvraoana «[ Coroi'&pti*, Atectnmas, 

## Medico-Chirurgical Transaction*, vul hu. (1870) 
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18 to perfect vision \\ e can therefore understand why white cats with blue eves 
are so often deaf, a peculiarity we notice moro leadily than thur deficiency of smell 
or taste 

If, then, the prevalence of white coloration is generally accompanied with some 
deficiency in the acuteness of the most important sense*, this colour becomes 
doubly dangerous U r it not only renders its possessor more conspieu his to its 
enemies but at tho same time makes ith*s ready m detecting the presence of 
danger Hence p rkap* the reason why white appeals more fiequontly in islands, 
where competitijn is lose severe and enemies 1 ss nunier >us nud vumd Jknce also 
a reason wuy atbmnem although freely occurring in captivity never maintains 
itself in a wild state while ttufumsm does The peculiarity of some islands in 
having all thtir inhabitants of dusk> col urs (as the Galapng s) may also perhapl 
b© explained on the same principles tor poisonous fruits oi ae^ds may thei e abound 
which weed out all white- or light-colourtd varieties owing ti their dehciemy of 
smell and taste W e can hardly beheve however that this would apply to whito- 
coloured butterflies and this mav be a reason why the eftoet of an insular habitat 
is more marked m these insects than in birds or mammals But though inapph* 
cable to the low tr animals this curious relation of stnse a< titoneo* with colours 
ma\ have had some inHuenco < n the development of the higher human races If 
light tints of the skin were generally accompanied by some deficiency in the senses 
of smell, hearing and vision, the white could never compete with the darker races 
so long as man was m i very low or savage condition and wholly dependent for 
existence i u the acuteness ot his senses But as the mental faculties became more 


fully dov eloped and more important to his welfare than mere sense-acuteness, the 
lighter tints < f skin and hair and eyes would cease to Ik disadvantageous whenever 
they were accompanied by superior brain power Such variation* would then be 
prestrved and thus may have nnsen the Ajinthochrne race of mankind, in which 
wo find a high d velopnn nt of intellect accompanied by a alight dt ficioncv in the 
ftcuti ness of the senses its compared with the darkor forms 

f have now to ask your attention to a few remarks on the peculiar relations of 
plant* and insects as exhibited in islands 

LversinceMr Darwin show ed theimmenae importance of insects in the fertilization 
of flower* great attention has been paid to the subject, and the relation of these two 
very different classes ot natural objects has been found to bo moie universal and 
more complex than could have been anticipated AY h >lo genera and families of 
plants have been bo modified as first to attract and then to be fertilized by certain 
groups of insect*, and this special adaptation seems in many coses to have deter¬ 
mined the moro or loss wide lange of the plant* in question It is also known 


existence ot tne plant m that area lien I believe, will be found the clue to 
much of the peculiarity of the floras of oceanic islands, since the methods by which 
these have been itocted with plants and insects will be often quite different 
Many seed* are, no doubt, earned by oceanic current*, other* probably by aquatic 
bird* Mr H N Moseley informs me that the albatrosses, gulls, puffins, tropic 
birds, and many others nest inland, often amidst dense vegetation, and ho believe* 
they often carry seed*, attached to their feathers, from island to island for great 
distances In the tropica they often ni st on the mountains far inland, and may 
thus aid in the distribution even of mountain-plants Insects, on the other hand, 
are mostly conveyed by aerial currents, especially by violent gales and it may 
thus often happen that totally unrelated plants and insects may be brought toge¬ 
ther, in which case the former must often pensh for want of suitable insect* to 
fertilize them. This will, I think, account for the strangely fragmentaiy nature of 
these insular floras, and the great differences that often exist between those which 
are situated in the same ocean, a* well as for the preponderance of certain orders 
and genera In Mr Pickenng s valuable work on the 4 Geographical Distribution 
of Animals and Plants,’ he gives a list of no less than sixty-six natural orders of 
plant* unexpectedly absent from Tahiti, or which occur m many of the surrounding 
lands* tome being abundant in other island*—as the Labiate at the Sandmen 
Islands In these latter island* the flora is much richer, vet a large number of 
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families 'which abound in other parts of Polynesia are totally wanting Now much 
of the poverty and exceptional distribution of the plants of tho«o islands is pro¬ 
bably due to the groat scarcity of flower-froquentrag insects Lepidoptera and 
Ilyruonoptera aro exceedingly scarce in tho eastern islands of the Pm lfie, and it is 
almost certain that many plants which require these insets for their lortihr&lion 
have been thereby prevented from establishing themselves In tho western islands, 
such as the Fijis, mm vial species of butterflies occur in tolerable abundance, and no 
doubt some flowei-haunting Ilvmenoptcia accompany them, and in these islands 
the flora appears to be much more \aned, and especially to be characterized by a 
much greater variety of showy flowers, as may be seen by examining the plates of 
Dr. Seoiuaim’s ‘ Mora Vitiensis/ 

• Darwin and Pickering both speak of the great preponderance of ferns at Tahiti; 
and Mr. Moseley, who spout several days in the interior ot the island, informs me 
that u at au elovation of from 2000 to 3000 f**ot the dense vegetation is composed 
almost entirely of ferns A tree fern (Alwphila tahUerms) foims a sort of forest to 
the exclusion of almost every other tieo, and, with huge plants of two other ferns 
(Angwpterts eircta and Aspeletuum ntdtis), firms the main mass of tlie vegetation ” 
And he adds, “I have nowhere seen ferns in so great proportionate abundance '* 
This unusual proportion of ferns is a general feature of insular as compared with 
continental floras, but it bos, I believe, been generally attnbuted to favourable 
conditions, especially to equable climate and perennial moistme In this respect, 
however, Tahiti can hardlv differ greatly from many other islands, which yet nave 
no such vast preponderance of ferns This is a question that cannot be decided by 
more lists of species, since it is probable that in Tahiti they are less numerous than 
m some other islands where they form a far loss conspicuous feature in the vege¬ 
tation Tho island most comparable with Tahiti in that respect is Juan Fernandez. 
Mr Moseley writes to me —“In a general view of any wide stretch of the densely 
clothed mountainous mu face of the island, the terns, both tree ferns and the un- 
stemmed forms, are seen at once to compose a very large proportion of the mass of 
foliage,” As to tho insects of Juan Fernandez, Mr Fdwyu V Keed, who made 
two visits and spent several w eeks there, has kindly furnished mo with some exact 
information Of butterflies there is only one carte), and that rare—a 

Chilian species, and probably an accidental straggler. Four species of moths of 
moderate size were observed (all Chilian), and a few larvro and pupae. Of bees 
there were none, except one very minute species (allied to Chtlicola), and of other 
Hytnenoptera a single specimen of Ophton hunts (a cosmopolitan ichneumon). 
About twenty species of flies were observo^, and these formed the most prominent 
feature of the entomology of the island. ' 

Now, as far as we know,this extreme entomological poverty agrees closely with 
that of Tahiti f and there are probably no other portions of tho globe equally 
favoured in soil and climate, and with an equally luxuriant vegetation, where 
insect-life is so scantily dev eh ped It is curious, therefore, to find that’these two 
islands also agTee in the wonderful predominance of feins over the flowering plants 
—in individuals even more than in species; and there is no difliculty in connecting 
the two facts. 'The excessive minuteness and great abundance of fern-spores causes 
them to be far more easily distributed by winds than the seeds of flowering plants, 
and they are thus always ready to occupy any vacant places in suitable localities, 
and to compete with tho less vigmous flowering plants But where insects are so 
scarce, all plants which require in sect-fertilization, whether constantly to enable 
them to produce seed at all, or occasionally to keep up their constitutional vigour 
by crossing, must be at a great disadvantage; and thus the scanty flora which 
oceanic islands must always possess, peopled as they usually aro by waife and 
strays from other lands, is rendered still more scanty hy the weeding out o f all 
sucii as depend largely on insect-fertilization for their full development It seems 
probable, therefore, that the preponderance of ferns in islands (considered in mass 
of individuals rather than in number of species) is largely due to the absence of 
competing pheenogamous plants, and that this is in great part due to the scarcity 
of insects In other oceanic islands, such as Now Zealand And the Galapagos 
where ferns, although tolerably abundant, form no such predominant feature in the 
vegetation, but where the scarcity of flower-haunting insects is almost equally 
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marked, wo hod a gieat picpoi deianco of small green, or otheiwise inconspicuous 
floweis indicating that i nl \ sut h plant* have been enabled to flourish there as are 
independent (1 u sic t fa till/at ion in tho Galapagos ^which are perhaps even 
nure dihut nt in flung insects than Juan lemaude/) this ia so stnkiug a feature 
that Mr Darwin speaks < t the vcgctati n as consjHtmg in great part of wietched- 
looking weeds, and stilt s that it was some turn beli re ho disi ovoied that almost 
every plant was in flown at the linn ( t his visit Tie also sa\s that ho did not 
we one bemliul thwer in the lslin Is It i ppoais howtvei, tka* Composite, 
Legummose, Hubuicere and kohiniftSL f rm a h rge pi opt rti u f the doweling 
plants, and as ttn.se arc orduswhuh usually requm uibect-fcitiluatkn we must 
suppose nth i that they have lx c m< m (lifted s * as to bo sell fertilized, or that 
they are teiUli/ed bv tin units of tin minute Uiptua and Ilymouopteiu, which aro 
the ( nlv lumcts roc idid fiom thesf islands 

In Juan Ziriiandiz on tin. otliei hand time is no such total d< ficituev of showy 
floweis 1 am lufilined by Mr M sth y Unit a variety ol tlieMuguchate ms winter- 
bftik Hbciuids an l h is showv wlutt flowi rs and that a Bignomacei us shrub with 
abundant i of dai k blue flow i rs was a Is plentiful while a white-fi >wered Liliaceous 
plant f( lined huge patches on the lull-aides Ik Hides these there wue two species 
of w adv ( omp siiro with < vnspn uuus bonds f yellow bl >ssoms and a speues of 
w hite-floweud myitle ala i abundant so that t u the wh de, flowers foimed a iwtker 
conspu u ms feature m tJio uq>oi t t the vegetation of Juan hi rnandez 

But this fact—whuh at hist sight si ems mtiich at vaiinme with the view we 
are upholding of the imp ltant illation bt twi en the distribution of insects and 

S lants is well e\} lamed by the existence of two speuea of humming birds in 
turn runundez which, in th u visits to tin s« largo and show) flowers, fertilize 
them as cHei tiuilly os bees in >th* or butt* rflies Mr Mus by informs me that 
“these humming birds ure t tta ithnanly abundant, eveiy treo or bush having one 
or two darting about it lie also observed that nearly all tho specimens killed 
had the leathers lound the base of the bill and front of tin head clogged and 
coloured ytllow with pollen Hue then, we have the clue to the perpetuatiou 
of laige and showy flowus in Juan I ernandez while the total absence of hum¬ 
ming birds in the Gftlaiagos may explain why no such large-flowered plants have 
been able to establish tliennolves in those equatorial islands 

Ihis leads to tin obsc rvation that many other groups of birds also no doubt, aid 
m the fertilization of flowers I have often observed the beaks and faces of tho 
brush tongued lories of the Moluccas covered with pollen , and All Moseley noted 
the same fact in a species of Atiamm or swallow shrike shot at Cape Yurk, show¬ 
ing that this gtuus also fiequents flowers and aids in their foi tili/ation In the 
Austifthan region we have the immense group of the Mehphagidro, which all 
freemen t flower* and os these range over all the islands of the Pacific, their piesence 
will account for a certain proportion of showy flowers be ing found there, such ft® 
the scarlet MeU mulei on one of the few conspicuous flowers in Tahiti In the 
faandwicli Islands, too, th rt are foiesta of Mci? osubros , and Mr Charles Pickering 
writes me, that the y aro visittd bv honey-sucking birds, one of which is captured 
by sweetened biid-liint, against whuh it thiusts its extensile tongue I am also 
informed that a considerable number of flowers are occasionally fertilized by hum¬ 
ming birds in ^orth America, bo that there can, I think, be little doubt that bird® 
play a much more important part in this respect than has hitherto been imagined 
It is not improbable that in Tropical America, where the humming-bud family is 
so enoimously developed, many flowers will be found to be expressly adapted to 
fertilization by them, ju*t as so many in out own country are specially adapted 
to the visits ot eeilam families or genera of insects 
It must also he remembeied, as Mr Moseley has suggested to me, that a flower 
which had acquited a brilliant colour to attract insects might, on transference to 
another country, and beet nnng so modified as to be capable of self-fertiluation, 
retain the c<loured petals for on indefinite period Such is probably the explana¬ 
tion of the Pela^gomvm of Tristan d’Acunha, which forms masses of bright colour 
toear the shore during the flowering season, while most of the other plants of the 
island bav« colourless flowers, in Accordance with the almost total absence of winged 
insects The presence of many large and showy flowers among the indigenous 



TRANSACTIONS Of THE SECTIONS 


109 


flora of St Helena must be an example of a similar persistence Mr Melbas 
indeed states it to be li a lemarkable peculiarity that the indigenous flowers an, 
with very slight exceptions all perfectly coloiuh as * but although this may apply 
to the general aspect of the remains of the imhgemus flora it ib cvidmtly not the 
case as regards the s/iaica, since the interesting platen of Mr Melbas s volume show 
that about one third of the indigenous flowering ] 1 mts hav * more or less coloured 
or conspicuous flow r f is, while sowrul of them aie eve < dingh showy and beautiful 
Among tin se are a I (Mm three ahkttbu yi ih sc\ernl ( (mposilec an l especially 

the hamlsome rtd flown sol the now almost extinct fuu st tiec^, the ebonv and 
redwood (specie s of Mtlham a Byttuenaci tc) We have every rt uhoii to be hew, 
however, that whin St Helena was c vend with luxunant toiesG and t specially 
at that remote period win u it was mm h m if extuisivo than it is now it must 
ha\ e aupp nted a ci rtam mimhi r if in ligenoua birds and ins* i ts, whu h would hav o 
aided m the fordli/ati u )t these gaily colt ur ci fl wers 1 he researches ot Di 
Ifcimann Mullet have sh >\vu us by wlmt minute modifications of stru tuie or of 
function many fl wtrs ai ndaj ted foi j artmi insect- and self f< itibzahou in various 
degrees, so that wc have no difm nlty in uiidLVslaiulingho\v,Hslke msiets diminished 
and finally di appealed self futili/ati >n may have bee me tin rule, while the Inigo 
and showy ccrollas remain to tell us plainly ol a ik dithrent state of things 

Another interesting lac t in c utiexion with tins suljcet is the presence of aibo- 
resceut founs of (ompisitu in si ninny cf tho rc nu teat < cuunc inlands They 
occur m the Galapi gos in Juan htrnai <1 / in St Helena in th San Iwich Islands, 
and in New Z< ah nd hut th< v are not cli ectl} tel ited to i a< h other, ic pn sc ntatn es 
of totally difleruit tubes ct this extensive oidu teaming ml descent m each 
group of islands J he limmi s range and almost niiveisal distn) utir n ol tho 
Compos] tee is due to the ce mbi nation f a great facility of disfubulic n (ly their 
seeds) with a great attractiveness to insects and tho capacity of being fertilized by 
a variety of spt ohh oi all ordns and esptually by flics ancf small bectl a Thus 
they would be tniong the unlit si of doweling plants to establish themselves ou 
Oceanic islands but where limits of all kinds were veiy scarce it wcuid be an 
advantage to gain mcreHM l size and longevity, so that fertihzatun at an inteival 
of several veais might suffice for the cout nuance of the specie The arborescent 
foim would combine with incleased longevity the advantage of increased sue m 
the struggle for existence with terns and other early colonists and the se advantages 
have ltd to its being mdej endently pioduced in so many distant localities, whoso 
chief feature in common is thur remoteness flow continents and tho extreme 
poverty of their insect life 

As tho sweet odours of flowers ore known to act in combination with thdr 
colours, as an attraction to insects, it might be anticipated that where colour was 
deficient scent would be so also On applying to my fuend Dr Hooker foi infor¬ 
mation as to New-Zealand plants, he informed me that this w f os certainly the case, 
and that the New Zealand flora is, spesking generally, os strikingh deficient m 
sweet odours as in conspicuous colours Whethf r tins peculiarity occurs in other 
islands, I have not been able to obtain information but we may certainly expect 
it to be so in such a marked instance as that of the Galapagos flora 

Another question which heie comes before us is the origin and meaning of the 
odoriferous glands of leaves I)r Hooker informed me that not only are New- 
Zealand plants deficient iu sceuttd flowers, but equally so in scented leaves 11ns 
led me to think that perhaps such leaves were in some way an additional attrac¬ 
tion to insects—though it is not easy to ucdeistand how r this could be, except by 
adding a general attiaction to tfce special attraction of the flowers or by supporting 
the larv© which, as perfect injects, aid in fertilization Mr Darwin, however, 
informs me that he considers that leaf-glands bearing essential oils are a protection 
against the attacks of insects wdieie these abound and would thus not be required 
m countries where insects were very scarce But it seems opposed to this view 
that highly aromatic plants are charachnstic of deserts all over the woild, and in 
such places insects are not abundant Mr fetointon informs me that the aromatic 
Labiatte enjoy no immunity from msect attacks The bitter leaves of the cherry- 


* Mellows St Helens, p 2*28 note 
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laurel arc often eaten by the larvro of moths that abound on our fruit-trees; while 
in the Tropics the lea\es of the orange tribe are favourites with a large number of 
lepidopterous lnrvne , and our northern fiin and pine*, although abounding in a 
highly aromatic renin, are very subje<t to the attacks of beetles Mv friend Dr 
Kichard Spruce—who while travelling in South America allowed nothing connected 
with plant-life to escape his observation—mfonna me that trees whose leaves have 
aromatic and often resinous secretions in umnciaed glands abound in the plains of 
tropical America, and that such ure in great pait, if not wholly, free from, the 
attacks of loaf-eating ants, except where the secretion is only slightly hitter, as m 
the orange tribe, orange-tiees being sometimes entirely denuded of their leaven in 
a single night Aromatic plants abound in the Andes up to about 13,000 feet, as 
well os m tho plains, but hardly more so than in Central and Southern Europe. 
They are perhaps more plentiful in tho dry mountainous parte of Southern 
Europe , and ns neither hero nor in the Andes do leaf-eating nnts exist, Dr Spruce 
infers that, although in the hot American forests whore such ants swarm the ml- 
bearing gland* sorie as a proteetion, yet they were not origlnRllv acquired for that 
purpose, Near tho limits of perpetual snow ou tho Andes such plants as occur 
are not, so far ns Dr Spruce has observed, aromatic , and os plants in such situa¬ 
tions can hardly depend on insect visits for their fertilization, tho fact is com¬ 
parable with that of the flora of New Zealand, and would seem to imply some 
relation between the two phenomena, though what it exactly is cannot yet be 
determined 

I trust I have now been able to show you that there are a number of curious 
problems lying as it were on the outskirts of biological inquiry which well merit 
attention, and which may lead to \fttunblo results But these problems are, as 
you see, for the most part connected with questions of locality, and require full 
and accurate knowledge of the productions of a number of small islands and other 
limited area*, and the means of comparing them the one with the other To 
make such comparisons, however, is now quite impossible No museum contains 
any fair representations of the pi eductions of these localities, and such specimens 
as "do exist, being scattered through the general collection, are almost useless for 
this special purpose If, then, we are to make any progress in this inquiry, it is 
absolutely essential that some collectors should beerm to arrange their cabinets 
primarily on a geographical basis, keeping together the productions of every island 
or group of islands, and of such divisions of each continent as are found to possess 
any special or characteristic fauna or flora We shall then be sure to detect many 
unsuspected relations between tho animals and plants of certain localities, and wo 
shall become much better acquainted with thoso complex reactions between tho 
vegetable and animal kingdoms, and between flic organic world and the inorganic, 
which have almost certainly played an important part in determining many of the 
most conspicuous features of In ing things 

lime and Proyiess of Modem Pities as to the Antiquity and Onyin of Man 

I now conic to a branch of our subject which I would gladly liavo avoided 
touching on , but as tho higher powers of tins Association hn\ o decreed that I should 
preside over the Anthropological Department, it seems proper that I should devote 
some portion of my address to matters more immediately connected with the 
special study to which that Department is devoted 

As my own knowledge of and interest in Anthropology is Confined to the great 
outlines"rather than to the special details of tho science, I propose to give a very 
brief and general sketch of the modern doctrino as to the Antiquity and Origin of 
Man, and to suggest certain points of difficulty which have not, I think, yet re¬ 
ceived sufficient attention. 

Many now present remember the time (for it is little more than twenty years 
ago) wnon the antiquity of man, as now understood, was universally discredited 
Not only theologians, but even geologists, then taught us that man belonged alto¬ 
gether to the existing state of things; that the extinct animals of the Tertiary 
period had finally disappeared, and that the earth's surface had assumed its present 
condition before the human race first came into existence. 9o prepossessed were 
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even scientific men with this idea—which yet rested on puiely negative evidence, 
and could not be supported by any arguments of scientific value—that numerous 
facts which had been presented at intervals for half a century, all tendiug to prov e 
the existeuce of man at very remote epochs, were silently ignored, and, more than 
this, the d( tailed statements of thru, distinct and careful observers confirming each 
other were re|<xtcd by a greAt scientific hociety os too improbable for publication, 
only because they proved (if tiny were tiue) the coexistence of man with extinct 
animals* 

But this ntato of belief in opposition to facts could not long continue In 1850 
a few of oui most eminent geologists examined for thenisehes into tin alleged 
occurrence of flint implements m the gravels of the north of Trance, which hail 
been made public fourteen jears before, and found them strictly comet Ike 
caverns of Devonshno were about the same time carefully oxannned bv equally 
eminent obs<rvtrft and were found fully to bear out the statements of those who 
had published thur results oighteui years btfore Hint implements began to be 
found in all suitable localities m the south of Ingland, when cai©fully searched 
for, often in gravels of equal antiquity with those of Frauce Caverns giving 
evidence of human occupation at various remote periods wero explored in Belgium 
and the south of Triuce—lake-dw< llings wero examined in Switzerland—refuse* 
heaps m Denmark—and thus a whole senes of romains have bum discovered 
carrying back th< history of mankind from the earliest histone penods to a long 
distant past The antiquity of the races thus discovered can only be generally 
determined by the successively tarlier and eaiher stages through which we can 
trace them As w e go back metals soon disappear, and we find only tools and 
weapons of stone and of bone The stone weapons get ruder and ruder , pottery, 
and then the bone implements cease to occur, and in the eaiheet stage we lind 
only chipped Amts of rude demgn, thvugh still of unmistakably human workman¬ 
ship In like manner doimstic animals disappear as we go backward, and though 
the dog seems to have been the earliest, it is doubtful whether the makers of the 
ruder flint implements of the gravels possessed even this Still moTO important 
as a measuro of time are the changes of the eaiths surface, of the distribution of 
animals, and of climate which have occurred during the human period At a 
comparatively recent epoch in the record of prehistoric times we find that the 
Baltic was far salter than it is now and produced abundance of oysters, and that 
Denmark was covered with pine forests inhabited by Capercailsiee, such as now 
only occur further noith in Norway A little earlier we find that reindeer were 
common even in the south of 1 ranco, and still earlier this annual was accom¬ 
panied by the mammoth and woolly rhinoceros, bv the arctic glutton, and by huge 
bears ana lions of extinct species Ihe presence ot such annuals iraphts a change 
of climate, and both in the laves and gravels we hud proofs of a much colder 
climate than now prevails in Western Europe Still more remarkable are the 
changes of the earth s surface which have been effected during man s occupation of 
it Many extensive valleys in England and France are believed by the best ob¬ 
servers to have been deepened at least a hundred feet, cav eras now far out of 
the reach of any stream must for a long succession of years have had stream* 
flowing through them, at least in times of floods, and this often implies that vast 
masses of solid rock have since been worn away In Bardima land has risen at 
least 300 feet since men lived there who made pottery and probably used fishing* 
netst. whilom Kent’s Cavern remains of man are found buried beneath two 
separate beds of stalagmite, each having a distinct texture, and each covering a 
deposit of cave-earth having ^veil-marked differential characters, while each con¬ 
tains a distinct assemblage of extinct animals 

Such, bneflv, ore the results of the evidence that has been rapidly accumulating 
for about fifteen years as to the antiquity of man, and it has been confirmed by so 
many discoveries of a like nature in all parts of the globe, and especially by the 

* In 1854 (?) a communication from the Torquay Natural History Society confirming 
previous accounts by Mr Godwm-Austeu, Mr v ivuui and the Rev Mr M Enery, that 
worked flints occurred in Kent a Hole with remains of extinct species, was rebooted as too 
improbable for publication 

t lull's 1 Antiquity of Man,* fourth edition, p 113, 
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companion of tlie tools ami weapons of prehistoru man with tho*o of modern 
savage* f^o that tho use of even the rudest flint-implements has become quite 
intelligible), that we can hardlv wonder at tlu* vn*t revolution el lor ted in public 
opinion Not onl) is tho belief in man’s vast and still unknown antiquity uni¬ 
versal among’ men of scieiue, but it is htinllv disputed l>v any well-intonned 
theologian , and the pieseut generation ot sclence-ntndents must, we should think, 
be somewhat puzzled to understand what there was in Lhn eftiliest discoveries that 
should have aroused such general opposition and b< en met with such universal 
incredulity 

Jlut the question of the im re “ \ntiqmtv of Man ’ almost sank into insigni¬ 
ficance at a very earlv period of the mqmr\,jn compaiison with the far more 
mono ntous end moie exciting problem of the development of man from some 
lower ammal iomi, v\ Inch the theones of Mr Darwin and oi Mr Ileibeit Spent er 
soon show<Hl to be msepfirably bound up with if This has been, and to hotiic ex¬ 
tent si ill is, the subject ot belt e conlhtt, but tho contiovu rsy as to the tact of witch 
development is now almost at an end, 'once uneof the most tnleuted ieni t sentatn es 
of (’atliohc theology, and an anatomist ot lngli standing—-PudesHoi Mivart—fully 
adopts it na regards plnsieal stiucture, reserv mg Ins opposition tor those parts of 
the theory whit li would deduce man's w hole intellectual nud moial natuie from 
the anme source and bv a sumlir mode oi development 

Never, perhaps, in the whole history of ctiem o or philosophy lmfl so grout a 
revolution in tin night and opinion bet n etlecied ns in t lie twelve veirsfiom 1861) 
to 1871, tlie respective dates of publication of Mi Dai win’s ‘Origin of Species’ 
and ‘ Descent ot Man ’ Up to the commencement of this pound the belief in the 
independent creation or ougin of tho specie* ot annuals and plants, and the very 
recent appearance of man upon tho eaith, were, prat ticnllv, universal Long 
before the end of it lhe«e two beliefs had utteilv di*appeued, not only 
in the scientific world, hut almost equallv so among the litemry and educated 
classes generallv The belief in the mdepemlenf origin of man held its ground 
somewhat longer, hut the publication ot Mr Dai win a j^ient wmlc gave even that 
its death-blow, for hnidlv anv cue capable of judging’ or the evidence now doubts 
the denvtttno nature of man’s bodilv structure as a whole, although many believe 
that his mind, and even some ot ins phvsual charm.tenstics, may be due to the 
action of other forces than have acted m the case of the lowei animals. 

We need haidly be surprised, under these circumstances, if them has been a 
tendecey among men of seance to ] ass from one extreme to the other, from a pro¬ 
fession (so few veftrs ago) of total ignoiance ftH to the mode ot oiigin of all living 
things, to a claim to almost complete knowledge of the win lo progiesa of tho 
universe, from tho first spoek of living protopl ism up to the highest development 
of the human intelJec t. Yet this is really what we have seen in the 1 lit sixteen 
years Formerly difficulties were exaggerated, and it was asserted that we had 
not sufficient knowledge to venture on anv generalizations on the subject. Now 
difficulties are set aside, and it is held that our theories are so well established and 
so far-re idling, that thev expl-un and comprehend all nature It is not long ago 
(as f have already reminded vou) since ftufi vveie t ontemptuously ignored, because 
they favoured our now popular views, at the present day it seems to me that facts 
which oppose them hardlj iccene duo consultlatiou Ami as opposition is the 
best incentive to piogiess, and it is not well even for the best theones to have it 
all their own waj, I propone to direct i out attention to a few such facts, and to 
the conclusions that seem fairly dcduciblo from them 

It is ft curious circumstance that notwithstanding the attention that has been 
directed to the subject in every part of world, and the numerous excavations con¬ 
nected with railways and mine* which have oflered such facililies for geological 
discovery, no advance whatever has been nmde for a considerable number of years 
in detecting the time or mode of man's origin The Palreolithie flint weapons 
first discovered in the North of France more than thirty Years ago are still the 
oldest undisputed proofs man’s existence , and amid the countless relics of ft 
former world that have been brought to light, no evidence of any one of the links 
that must havn connected man with tho lower animals has jet appeared. 

It is, indeed, well known that negative evidence in geology is of very slender 
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Value, and this is, no doubt, generally the case. The circumstances here are, 
however, peculiar, for many couveiging lines of evidence show that, on the theory 
of development bv the same laws which have determined the development of the 
lower animals, man must he immensely older lima anv twuM of nim yet dis¬ 
covered. As this is a point ot great interest we must devote a few moments to its 
consideration. 

1 The most import mt diH< lent o between man and Much of the lower animals as 
most nearly approach lam is undoubtedly in the hulk and development of his 
brain, as indicated by the form and capacity of the ciammn We should therefore 
anticipate that these eailiest luces, who wort' contentporaty with the extim t ani¬ 
mals and used rude stone weapons, would show a nituhed debt lent v in this 
respect et the oldest known uanm (those of tlie Hngis and ('rn-Magnon caves) 
show no murks of degradation The loimoi does not present so low ft type ftfl 
that of most existing savages, but is (to use the woids ot Piof Ilu\ley) “ft Jair 
average human skull, which might hflie belonged to a philosopher, or might have 
contained the thoughtless hiains ot ti savage ” The lattnr bh still more reinaik- 
able, being unusually laige and well burned l)r lbuner-Ho\ states that they 
surpass the aveiiige oi modem Euiopean ftkulls in capacitv, \\ lnle tin asymmetrical 
form without any tia<6 ot prognathism, compares favourably not oulv with those 
of the foremost savage races, but with many civilized nations ot modern times 

One or two other ci an i a of much lnvvi r type, but ot less antiquity than this, have 
been disco v ei ed , but tbev in no why invalidate t be tonelusion wliuh so highly 
developed a bum at so eaih ft pound implies, viz that we have ns vet made a 
hardly perceptible step towards the discovery ot any earlier stage in the develop¬ 
ment of man 

2 This conclusion is suppoited and enfomd by the nature of many of the walks 
ot art found oven in the old* st cave-dwellings The Hints me of the* old chipped 
tvpe, but they me formed into a huge vanity ot tools and weapons—such as 
scrapers, awD, hummus, saws, lames, Ac, implying n variety ot pmposes for 
wine h these weie used, and a coin spending degree ot ment il aotmtv ami civilization 
Numerous min Vs oi bone have also been found, including well-fumed ucedlcs, 
implying that skills weie sewn together, and poihnps even textile mate mils woven 
into (loth Mill more nnpoitant me the liumuous uuvings and dmwings iepro- 
eenting a variety of animals, including horses, leindeer, and even a mammoth, 
executed with consideiable iskil 1 on i>one, lemditi-lioius, mid mammoth-tusks. 
These, taken togethei, indicate a state of civilization much higher than that of the 
lowest of our modern savages, while it is quite compatible with a considerable de- 

S ree of mental advancement, aud leads hr to believe that 1 ho c rama ot Kngis and 
ro-Magnon arc 1 not exceptional, but fairly represent the character of theiaoe If 
we further remember tb.it the^e people lived in Europe under the uuhivourvble 
conditions of a sub-Au tic climate, vve shall be inclined to agieo with I)r Darnel 
Wilson, that it is fai easier to piodueo evidences of deterioialion than of progress 
in instituting a companion between the contemporaries of tho mammoth mid later 
prehistoric races oflluiope or savage nations ol modern tunes* 

8 \et another important lino ot evidence us to the extreme antiquity of the 
human type has been brought pionunently forward bv Trot Mivartt. ite shows, 
by a careful comparison ol aJl piuts nt the struct uie ol the body, ihnt man is related 
not to any one, but almost equally to many of the existing apes—to the orang, the 
chimpanzee, the ponlia, and even to tho gibbons—in a varietv of wavs, aud these 
relations and diflerencea are ho numerous and so diverse that, on the theory of evo¬ 
lution, the ancestral form whicfy ultimately developed into muu must have diverged 
from the common stock whence all these various forms and their extinct allies ori¬ 
ginated But so far back as tho Miocene deposits of Emopo wo find the renu inn 
of apes allied to those vaiious forms, and especially to tho gibbous, so that in all 
probability the special line of variation which led up to man branched oil at a still 
earlier peiiod And those cuilv forms, being tho initiation of a far higher type, 
4 nd bft\ mg to dev clop bv natural selection into so apt t lahs^al and altogether distinct 
a creature a« man, must have risen at a very early period into the position of a 
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dominant roce, and spread in dons© wares of population over all suitable portions of 
the great continent—for this, on Mr Darwins hypothesis, is essential to rapid de¬ 
velopmental progress through the agency of natural selection 

Under these circumstances we might certainly expect to find some lehcs of these 
earlier forms of man along with those of animals, which ^ ere presumably less 
abundant Negative evidence of this kind is not Nery weighty out still it has 
some value It has been suggested that as apes aro moslh tropical, and anthropoid 
apes are now confined almost exclusively to the vicinity of the equator, we should 
expect the ancestral forms also to have inhabit* d th* se same localities—West Africa 
ana the Malay Islands But this objection is hardly v ahd, because existing anthro¬ 
poid apes are wholly dependent on a perennial supply of easily accessible fruits, 
which is only found near the equator, while not only had the south of Europe an 
almost tropical climate in Alioceuo tunes, but we must suppose even the earliest 
ancestors of man to have been terrestrial and omnivorous, since it must have taken 
ages of slow modification to have produced the perfectly erect form, the short arms, 
and the wholly non prehensile loot, which so strongly differentiate man from 
Iht arboreal apes 

The conclusion which I think we must arrive at is, that if man has been deve¬ 
loped from a common ancestor, w nh all t xiatmg apes, ttnd by no ntJier agettetea than 
stick as have affected thetr development, then he must have existed, in something ap¬ 
proaching hi 9 present form, during the tertiary period—and not merely existed, 
hut predominated in numbers, wherever suitable conditions prevailed If, then, 
continued researches in all parts of 1 urope and Awia fail to bring to light any 
proofs of his presence, it will be at least a presumption that he came into existence 
at a much later date, and by a much more rapid process of development In that 
case it will be a fair argument that, just as bo is in his mental and moral nature, 
his capacities and aspirations, so infinitely raised above the brutes, so his origin 
fs due, m part, to distinct and higher agencies than such as have affected their 
development 

Ihere is jet another line of inquiry bearing upon this subject to which I wish to 
call your attention It is a somewhat cunous fact that, while all modem writers 
admit the great antiquity of man, most of them maintain the \ery recent develop¬ 
ment of his intellect, and will hardly contemplate the possibility of men equal m 
mental capacity to ourselves having existed in prehistoric times This question is 
generally assumed to be settled by such relics as have been pnsemd of the manu¬ 
factures of the older races showing a lower and lower state of the arts, by the 
successive disappearance in early times of iron, bronze, and pottery, and bv the 
ruder forms of the older flint implements The weakness of this argument has 
been well shown bv Mr Albert Mott in his \eTy original but lillle-known pre¬ 
sidential address to the Literary aud Philosophical Society of Liverpool in 1878 
He maintains that “our most distant glimpses of the past are still of a world 
peopled ns now with men both civilized and savage,* and “that we have often 
entirely misread the past by supposing that the outward signa of civilization must 
always be the same, and must be such as are found among ourselves ” In support 
of this new he adduces a variety of striking facts and ingenious arguments, a few 
of which I will briefly summarize 

On one of the most remote islands of the Pacific—Easter Island—2000 miles 
from South America, 2000 from the Morquesis, and more than 1000 from the 
Gambler Islands, are found hundreds of gigantic stone images, now mostly in 
ruins, often thirty or forty feet high, while some seem to have been much larger, 
the crowns on their heads cut out of a red stone being sometimes ton feet in dia¬ 
meter, while even the head and neck of one is said to have been twenty feet high •. 
These once stood erect on extensive stone platforms, yet the jBland has only an area 
of about thirty square miles, or considerably less than Jersej Now as one of the 
smallest images eight feet high weighs four tons, the largest must weigh over A 
hundred tons, if not much more , and the existence of such vast works Implies a 
large population, abundance of food, and an established government Yet how 
could these coexist in a mere speck of land wholly cut off from the rest of the 


* Joum of Roy Geog Soc 1870, pp 177,178 
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World P Mr Mott maintains that this nocessanly implies the power of regular 
communication with larger islands or a continent, the arts of navigation, and a 
civilization much higher than now exists in any part ot the Pacific Veiy similar 
lomains in other islands scattered widel) ovei the Pacific add weight to this aigu- 
ment 

The next example is that of the ancient mounds and eaithworks of the N nth- 
Amoncan continent, the boanng of winch is even more significant- Cher the 
greater part of the extensive Mississippi valley f>ur well-marked classes of the*e 
earthworks occur Homo rt« camps or works of defence, situated on blufls, pio- 
rmmfcories, or isolated hills, others are rest enclosures in the plains and lowlauds, 
often of geometric forms, and having attached to them r mdwaya or avenues often 
miles in Length, a third are mounds corresponding to our tumuli often seventy to 
ninety feet high, and some of them covenng acres of ground, while a fourth group 
consist of representations of various animats modelled in relief on a gigantic scale, 
and occurring chiefly m an aioa somewhat to the north west of the other classes, in 
the plains of Wisconsin 

The first clfurc—the camps or fortified enclosures—resemble m general features 
the ancient camps of our own islands, but far surpnss them m extent Eort Hill, 
in Ohio, is surrounded by ft wall and ditch & mile and a halt in length, part of the 
way cut through solid rock Aitificial reservons for water wue made within it, 
whde at ono extremity, on a more elevated point, a keep is constructed with its 
separate defences and wator reservoirs Another, called Clarks Work, in the 
Scioto valley, which seems to have been a fortihod town cm loses an area of 127 
acres, the om nankin ents measuring three miles in longth, and containing not less 
than three million cubic feet of earth This area encloses numeioua sacrificial 
mounds and symmetrical earthworks, in whuh many interesting relics and works 
of art have been found 

The second class—the sacred enclosures—may be compared for extent and ar- 
rangt ment with Avebury or Camak, but are in some respects even more remark¬ 
able Ono of these at Newark, Ohio, covers an area of several miles with its 
connected groups of circh s, octagons, squares, ellipses, and avenues on a grand 
scale, and formed by embankments from twenty to thirty feet in height Other 
similar works oecui in different parts of Ohio, and by accurate survey it is found 
not only that the circles are true, though some of them are one third of a mile m 
diameter, but that other figures aie truly square, each side being over 1000 feet 
long, and, what is still more important, the dimensions of some of these geometrical 
figures, in different parts of the country and seventy miles apart, are identical 
Now this prov es the use, by the builders of these works, of some standard mea^ 
sures of length, while the accuracy of the squares, circles, and, in a less degree, of 
the octagonal figures shows a considerable knowledge of rudimentary geometry 
and some means of measuring angles The difficulty of drawing such figures on a 
large scale is much greater than any one would imagine who has not tried it, and 
the accuracy of these is far beyond what is necessary to satisfy the eye W e must 
therefore impute to these people the wish to make these figures as accurate as 
possible, ana this wish is a greater proof of habitual skill and intellectual advance¬ 
ment than even the ability to draw such figures If, then, we take into account 
this ability and this love of geometric truth, and further consider the dense popu¬ 
lation and civil organization implied by the construction of such extensive syste¬ 
matic works, we must allow that these ancient people had reached the earlier stages 
of a civilization of which no traces existed among the sav ago tribes who alone 
occupied the country when first visited by Europeans 

The animal mounds are of comparatively less importance for our present pur¬ 
pose, as they imply a somewhat lower grade of advancement, but the sepulchral 
and sacrificial mounds exist in vast numbers, and tlieir partial exploration has 
yielded a quantity of articles and works of art which throw some further light on 
the peculiarities of this mysterious people Most of these mounds contain a large 
concave hearth or basin of burnt day, of perfectly symmetrical fonn, on which are 
found deposited more or less abundant relics, all bearing traces of the action of 
fire We are therefoie only acquainted with such articles as are practically fire¬ 
proof, or hav o accidentally escaped combustion, These consist of bone and copper 
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implement* and ornament*, disk*, and tubed—pearl, shell, and silver beads, more 
or less injured by tho fire—ornaments cut in mica, ornamental pottery, and numbers 
of elaborate carvings in stone, mostly forming pipes for smoking The metallic 
articles are all formed by hammering, but the execution is very good , plates of 
mica are found cut into scrolls and circles , the pottery, of which very few remains 
have been found, is far superior to that of any of the Indian tribes, since Br Wilson 
is of opinion that it must have been formed ou a wheel, as it is often of uniform 
thickness throughout (sometimes not more than one sixth of an inch), polished, 
and ornamented with scrolls aud figuicH of birds and ilowers in debt ale relief 
But the most instructive objects aro the sculptured stone pipes, leprosenting not 
only various easily recognisable animals, but also human heuds, so well executed 
that they appear to be portrait* Among the animals, not oulv are such native 
forms a* the panther, bear, otter, wolf, beaver, raccoon, heron, trow, turtle, flog, 
rattlesnake, and many others well represented, but also the manatee, which perhaps 
then ascended the Mississippi as it now does the Vmazon, and the toman, which 
could hardly have been obtained nearer than Mexico The sculptured heads 
are especially remarkable, because they piosent to us tho feature* of an intellectual 
and civilized people The nose in some is pertectly straight, and neither promi¬ 
nent nor dilated, the mouth is small, and the bps thin , the chin and upper hp are 
short, contrasting with tho ponderous jaw oi the modem Indian, while the 
cheek-bones present no marked prominence Other examples have the none 
somewhat projecting at the apex in a manner quite unlike the feature* of any 
American indigenes, and although there are some which show n much coarser 
face, it is very difficult to see in am of them that clone resemblance to the 
Indian type which these w ulptures have been said to exhibit The few authentic 
crania from tho mounds present coiresponding features, being far more symmetrical 
and bettor devt fop d in the fiontal region than those of any American tribe*, 
although somewhat resembling thorn m the occipital outline*, while one was 
described by its discoverer (Mr \\\ Maishall Anderson) as a “beautiful skull 
worthy of a Greek ” 

The iiutiquity of this remarkable race may perhaps not bo very great os com¬ 
pared with the prehistoric man of Europe, although the opinions of some writer* 
on tho subject seem affected by that u parsimony ot time " on which the late Sir 
Uhailcs Lyell ho often dilated The mounds are all overgrown with dense forest, 
and one of the large trees was estimated to be eight hundred years old, while other 
observers consider the for^tgrowth to indicate an age of at least 10J0 years But 
it is well known that it natures several generations of trees to pass away before 
tho growth ou a deserted clearing comes to correspond with that of the surrounding 
virgin forest, vvlnlo this forest, ouco established, may go on growing for an unknown 
number of thousands of year* The 800 or 1000 years estimate from the gTowth 
of existing vegetation i« a minimum which has no bearing whatever on the octnol 
age of these mounds, and we might almost as well attempt to determine the time 
of the glacial epoch from the ago of the pines or oaks which now grow on the 
moraines 

The important thing for us, however, is that when North America was fir*t 
settled by Europeans, tne Indian tribes inhabiting it had no knowledge or tradition 
of any preceding race of higher civilisation than themselves Yet we find that 
euch a race existed , that they must have been populous aud have lived under some 
established government, while there are signs that they practised agriculture 
largely, as, indeed, they must have done to havo supported a population capable of 
executing such gigantic works in such vast profusion , for it is stated that tho 
mounds and eaith works of various kinds in the state of Ohio alone amount to 
between eleven and twelve thousand In ikmr habits, customs, religion, and arts 
they differed stukmgly from all the Indian tnbos, while their lovo of art and of 
geometric forms, and their capacity for executing the latter upon so gigantic a 
scale, render it probable that they were a really civilized people, although the 
form their < initiation took may have been very different from that of later people 
subject to very different influences, and the inheritors of a longer senes of ancestral 

* Wilson's ‘ Prehistoric Man, 3rd ed vol u pp 123-130. 
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civilizations. We have hove, at all events, a Rtnkittg example of the transition, 
over ail extensive country, fioi.i comparative civilisation to comparative barbarism, 
the former loft to tindition and having liaully any trace of mtiuence on tlio latter. 

Ah Mr Mott well romflikn —Nothing can be more striking than the fHet that 
Easter Island and Xoith Amerun hotli gave the saino testimony as to the ongm of 
the savage life found m them, although in all eiu urn stances and simoundings iho 
two cast's ale so diHen nt If no stone monuments had bi'cn coiiHtrm ted in Etislci 
Island, or mounds, containing a few vein s saved from fire, in the Umti d States, 
we might never have tiispcr ted tlio existence of tho«o muwnt peoples He argue*, 
theiefoio, that it is very easy lor tlio molds ot an nncient nations life* entuely to 
polish or to he hidden fium observation Even the aits of A intv oh and Babylon 
vvt ro unknown only a goueiftWon ngo, mid vve have only just di^cuveied the facts 
about the mound-bmldeiH of North America 

Ltut other pm ts of the Anieiican contnu nt exhibit parnllel phenomena Keceut 
nivobligations show that m Mexico, (Vntinl Vmeiuj, and Poili the existiijg race 
ot Indians has been pioioded bv ndistinct and moio civih/od race This is proved 
bv the s( ulptuits of the mined (itns of (hull ini Amenta, by the mom ancient 
tena-c >ttus mid paintings of M< mco, and b} the oldest poitiait-potteiy of Peiu 
All alike show nunkedly lion-lmlinn ftatuies, while they otten ilosely lesemblo 
modem European tvpes Ancient crania, too, have be< n found in all 1he y e count] job, 
presenting vtiv ditlerent clmrorteis from those oi any nt the modem indigenous 
races of Amenca * 

There is one other striking example of a higlioi being succeed* d by a lower 
degieo of knowledge, wlui li is in danger of being forgotten because it has been 
made the foundation of theories which seem wild and tantastic, nnd me probably 
in great pai t mrtmenus 1 allude to tho (treat PviAiiudaf I gvpf, whose form, 
dimensions, etiuctme, mid it^ei have leoentlv boon tlie subj« ct of elaborate works 
by Pi of Pia/7i Smvth Now the admitted fact-* about llmpvimmd aie so inter¬ 
esting nnd so apposite to tho subject we aie consult nng, that I bog to lecall them 
it) vour attention Most of jnuaio nwarn tli«it tins p>l.uimi has been carefully 
exploiod and measured bv successive Egyptologist*, and that the dimensions liavo 
lately become capable of more ac< urate determination, owing to the discover} of 
some of the oiiginal casing-stones nnd tlio (doming away of Iho caith from "the 
corners of tho foundation showing Iho sockets m which the coiner-stones fitted. 
Prof Huiyth devoted many months of woik with the best instruments in order to 
fix the dimensions and angles of all accessible paits of the *t rue turn, and he has 
carefully determined these by a comparison of Inn own and all previous measures, 
the best of which ngice pretty closely with each othei The results amved at 
oro *— 

1 That tho pvrumid is truly square, the sides being equal and tho angles light 
angles 

2 That the four sockets cm which the fom fust stones of the coiners lcsted me 
truly on Iho mnu 1 level 

3 That the directum of the sides are neuiratel) to the Imu euidinal points 

4, That the vertical height of the p^iamid bears the eamo proportion to its cir¬ 
cumference at the base, as the ladius of a circle does to its cirtumforenc e 

Now all these measures, angles, nnd levels are accurate*, not as an ordinary em- 
veyor or builder could make them, but to such a degreo ns lequnes the very best 
modern instruments uud nil the rebutments of goodutieal science to discover any 
error at all In addition to this wo have the wondoiful poifoctionof the workman¬ 
ship in tho interior of tho pyramid, the passages find chambers being lined with 
huge blocks of stones fitted with the utmost accuracy, wlnlo every part of the 
building exhibits the highest structural science 

In all those respects this largest pyramid surpasses every other m Egypt. Yet 
it is universally admitted to b« tho oldest, and also tho ofdeftt histoiieal building 
in the world. 

Now these admitted facts about the Great Pyramid aro surely remaikable, and 
worthy of the doopcst consideration, They aio facts which, in the pregnant 

* Wilson's * Prehistoric Man,’ 3rd ©d. vol u pp. 125, 144. 
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words of tho Into Sir John Horschel, u aecoiding to received theories ought not to 
happen/ 1 and which, he tells us, should therefore bo kept ever prt sent to our minds, 
bince “they belong to the class of bit ts which st rve as the ilue to m w discos ones ” 
According to modem theums, the higher civilization is evei a growth and an out¬ 
come fiom a piece ding lower stale, and it is infi ried that this pioguss is visible to us 
throughout all history aud in all the mattrmlncoids of humui nittlh ct Hut hero 
we have a building which ninths the vei\ dawn of hintoiv, which is the oldest 
authentic m muinent of man's gt miw and stall, and winch, matt ad of hi ing far m- 
ftnoi, is v < l y much supmur to all w hull t dlowcd it (lit at men arc tin piududs 
of their age and couutiv, aud the dttugm r aud con-dnictois of this w omhrful monu¬ 
ment could iic\li him uii^ui among an uumUUcc tinl and half baihurous penph 
8o pei feet a w oik implies many preceding!! ss pti ( ft w ales whit h hav b disappbaied 
It marks the culminating point of an ancient civilization, of th( tally Bt i c cs ol 
which wf have no rn ord vsliatevcr 

The thiee casts to which I haw now adverted (and Iheie arc many oth(is)seun 
to requiro for th< lr satisfactory mtupii fition a somewhat different vu w of hum m 
piogress fiom that wliuli is now gt nerally ntu plt d iuktn m connexion with tho 

f loat intellectual powei of the annent (i recks—which Mr tialton belli ves to have 
uen far above that of the a\u ige ot any modem ruiti m—and the olivation, at 
oiico intellectual und moial display d m the wntings of ( onfurius, /monster, and 
in the V( das, they point to tin conclusion that, while in matt n il progit hs there has 
bt en a tohiably shady ad vain c, mull s intellectual and monl development reached 
almost its highest Uml in a vuiy lcmote j ost llie lowii, tho mom annual, but 
often the moie cnoigttie tspfs havt, how< ver, alw ays been fir tho moio numerous, 
hi nco such established s a leties as havt lieic aud th» i< imseii under tho guidunco 
ot bight r minds have always been liable to be. siVLpt awnybv tin mcuisiona of 
bftibaiinrs liiun m almost every paitot tin globe time mav have bef n a long 
succession of paitial eivih/ if ions each in turn sucotdcd by a pound of bnibansru, 
aud this view seems suppoitod by tho occumnco of dcgiadfd tv pis of skull along 
with such “ as might have be lunged fo a plnlosophei, at a turn wuen thf iruu- 
nioth and the re Hide er inhabit! d southern 1 ltmce 

IS or need we tear that there is not time enough foi the rise and dee ay of so many 
success] vo civilizations as this view would imply, foi tho opinion is now gaming 
ground among geologists that pal lohthie man was really preglacial, aud taut the 
gn ftt gap (nnuktd alike by a change of physical conditions and of animal life) 
which in 1 urope always sepmates him from Ins neolithic successor, was caused by 
tho coming on and pissing away ot tho guat no age 

If tho vif ws now ad lanced are com ct, manv ,jif rhaps most, ot our existing sav ages 
are the success irs of higlnr laces, and then aits, often showing n wonderful 
similarity in distant continents, may have Iweu deiived from a common source 
among more civ llized p< oph s 

1 must now conclude tins veiy imperfect sketch of a few of the offshoots from 
the gicat free of biological stucty It will, pi rhnps, bo thought by some that my 
remarks have tended to the depreciation of om self nre, by hinting at nuperfections 
in our knowledge and trrois m oui llieom s where more enlluisiastn students see 
nothing but established truths Hut I hast that I may have convened to many of 
my hearers a different impression I have tndtavouied to sliow that, ovt n m what 
are usually oonside r< d the iuon triv ml and supuficial chamcters pre seated by natural 
objects, a whole hold of now inquiry is opened up to us by the study of distribution 
and local conditions And as re gards man, T hav e ouduiv ouied to fix your attention 
on a class of fac U which liidu ite that the eourso of hia devt lopincnt has been far less 
dm ct and simple than has hitherto been supposed, and that, instead of resembling 
a single tide with its advancing and receding nppits, it must rather be compared 
to the progress fiom neap to spring tides, both the rise and tho depression owing 
comparatively greater as tho waters of true civilisation slowly advance towards the 
highest level tney can reach 

And if we are thus led to believe that our present knowledge of nature is some¬ 
what loss complete than we have been accustomed to consider it, tins is only whftt 
we might expect, for however great may have been the intellectual tnumphs of 
ibo nineteenth century, wo can liardly think so highly of its achicv cments as to 
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imagine that, in somewhat loss than twenty years, we have parsed from complete 
ignorance to almost perfect knowledge on two such vast and complex subjects ns 
the origin of species and the antiquity of man 


Boianv and Zoology 

A tithe** to the ])rpm fount of Botany and Zoology By Alihej) Newton, 
M.A , F H 8 , F L 8 , J r F Z S , $ c t Fi oft ssor of Zoology and Coinjoairttive 
Anatomy m the Umvusity of Camhndgc , Vice-Picsiduit. 

Any one in tin 1 position of cliaiuunn of this Departon nt must feel that his diffi¬ 
culty lies m choiHWg rather than in seeking a Huhject whereon fo address an 
uudionce like that which is before me This diflu ulty anses fioiu tho astounding 
abundance of interesting topics which are piesentod by the studies of Botany and 
Zoology—oi of the latb r alone, I may &ay, mih e it \\ ould ill Veonie me to attempt 
(ho tiealmonl of any which lielong to the <ustei aueme J tut it is of course in¬ 
cumbent upon mo to touch upon tho chief events of the past year which affect 
this DepaUmeut, and it scums possible thin, in so doing we may find some con¬ 
siderations natumllv protciduig iiomthem to he vvmthy of vom notice duung the 
short time thnt 1 shall presume to occupy yom attention, and also to piesent enough 
general interest to justify m> enl°igmg upon the themes which they inspire 

'these chief events appeal to me to bo two lu number It is my first and pleas¬ 
ing duty to congratulate the natuialiHts here assembled on the successful termina¬ 
tion ot that expedition in which wo have all taken so great an interest, as during 
its progress tidings of it Iinye reached us from one distant land after another, and 
especially (as your luouth-piuce) heartily to welcome homo all now present who 
weie on boaril the good <dnp ‘rhallonger’ iu her circumnavigation ol the globe. 
I would that your spokesman on this ouasion had been one who was better aJblo 
to appreciate their labours and entei into dotuils as to tho value of their discoveries 
and researches Unfoitunatcly I am under tho great disadvantage of being so im¬ 
perfectly acquainted with the mysteries of the ocean, that it is only possible lor me 
to speak m the most general terms of what has boon done I loci sure, however, 
that, so far as the gieat secrets of the sea can yet be mterpieted and revealed by 
men, they will be by those who have happily returned to us, Sir Charles Wyville 
Thomson and Ins colleagues There is one of their company we know they have 
not biought hack, and it is fitting for us to lower tho tone ot our exultation while 
wo remember the name of Von Wdlenioes-Suhm With this single sad exception 
there i«, liovvevu, nothing, so far as I know, to otcasion regiet, and the various 
memoirs that have been already published f>y members of the Expulition give a 
foretaste of what we may expect when the whole of its results aie made known. 
I am infornu«i that the rich collections made during the voyage are at present 
lodged in the University of Edinburgh, and are in process of revision anaiongh 
arrangement under the superintendence of the Director of the Scientific Stafl of 
tho late Expedition They include tho products of dredging or frtwling and sur¬ 
face-collecting at about 450 stations, and at depths varying from 100 to 4500 
fathoms, and consist of a prodigious number of specimens belonging to most of the 
groups of marine luvu tebutta, especially of Sponges and Echinodmns, which pre¬ 
ponderate at the greatest depths. It is, I believe, intended to obtain the assistance 
of special exports in working out the dillerent groups ; and I am sure this meeting 
will hear with pleasure that the Ihjdiozoa are to be intrusted to Professor Allman, 
and the Iblt/soa to Mr Jtusk. It is understood that fler Majesty’s Treasury will 
charge itself with the cost of publishing the treatises of these and the other 
eminent naturalists to be employed, and thus it is hoped that a senes of volumes 
will be produced worthy of the magnitude of the subject, and fit for the first rank 
among the works of roologists in this or any other country. I need scarcely add 
that the wishes of all here will be for the due carrying-out of this grand scheme j 
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and, remembering how often snnilnr ambition* undeitakings by oui huentific men 
in combination with onr Government have been baulkoa by untoward circum¬ 
stances, we cannot but express the sincere hope that fountr failures will serve as 
useful warnings to ensurt future success 1 ngret exticimlv my inability to si\ 
moio on this embp ct 

I trust you will n )t think nu t> imd rut the nnpoitance cf the safe and 
prosperous rot m n of the 1 C halh ng r fiom hoi \rvagt,wluii th u n h naming it 
first, I ascnbo ti it tlu sec nd plat in the LVtuts jt tlie past year as regards the 
progress of 7oolvgical inv stigalion Othtrsti ntih t \pe htons havt b tor now 

left these slants mul the shins of oilit r counli im an I hav m u ti 1 ss lull} 

attained then puipost, while othu ixpeditions will dmbtksi m du turn be 
mganizcd and tamed out with, we trust, like happy lesilN I h vo\ag< oi th 
* ( liallerigei, though n highly important and, in many it spirts, a novel one, is 
notwithstanding only a unit in a long senes whith b gau a c ntmy a n o and has 
been c ntmued at inteivals to our own day mi) m n, sine th sailing ot the 
‘ Challenger w hivo witnes ed the dtpaiture anoth i an i laig i expedition 
for the accomplishment of a still more mdu us undeitaking But what I have now 
to speak of is a matter that will, if I am n >t mistal en in ift( i ag s dm id n/i 

the present >car as an epoch in the lust ly ol oui s limes inkuor < illy in im¬ 

portance to that winch maikod somo Lightten a did ten veus u r i tho pi jmul- 
gallon t f a ua^onable 1 he >i) < f 1 v iluti in b\ Ah Diuwi l tin 1 \fi \\ ill ice \n 1 
while it is to the latte i of tlu sc two natuiah^ts that we owe tin 4 boon that has 
recently been confine 1 m us it is nuqu stionably fi im the 1 liner labours of 

both—luntul yet distinct Unit the boon mqunes its gi ntist valut A\ ithout 

those far higher, fai widu views which the llu or\ of J volution < i mbits us 1 > take, 

the seined an iy of fids that biiHth tin mghout tl (. two volumes ol the Goo- 

giaphual Distribution of Animals * which All AS nlhii o Ins ] t t puhlislu d would 
have been but a rompmatively meaningless aggie r ati n 1 itum nts—the evi¬ 
dence n » doubt < 1 labc m almost unsurnasstd tho nccumulfttn n of mudi that is 
cuiious and if much that n, sugg stnc nut, taken all in all, as si mng to an unin¬ 
telligible or insignificant end, if to any end whatever that was not misleading 

As tho case is, tlio result is vuy ditlerml But 1 w mid a k )( u n jw, \\ ithout 
the aid afl rded by the D< drum ui Dt sc< nt, would it havi hern p>ssiblc to draw, 
os Mr AVallaeolias so skilfully duvwn, thost hgitunatc eonclusi ns fi m a con¬ 
sideration of tho animal life of Java (vol i pp Y)2 Id), oi to mine nt thosi 
marvellous it suits with ltwpect to the past historv ot Jioruto (vol i ] p >8 
or evtn to lmlulgt in those danng speculations with legard to the on 0 in ol the 
Celebesmn fauna (vol i pp 430 4 8jp I cilo these instantes because they me 
taken from tint part of tho woild on which the autlu i s Inborn* have belore shut 
so mueh light, and with which Ins name is nnpcnshablv a^ociatid but there is 
baldly any one of Ins suium iru sthat d es not place befoii us mat linl foi rellection 
a* nstoun ling 

A\ hilt, how tv u assi r mng ti the Iheory of J volution tin chid glory in giving 
a leal and lasting value t > tlio uiUipietatimi of the fa< ts ot Animal Distribution, 1 
must not omit acknowltdgingtlu share which Physical Get giapli) has contnbutcd 
to that t nd, ( speuallv h> its lnniino buivo)s which furnish tho 71 ol gist with 
data as to the deaths vf nt as and oct ans, and theioby enable him to judge oh to 
the former extent cf land Tt is therefore to be t xptclcd that vu)agts like that of 
tho * Challenger when tin ir ri Rults hnvi been fully worked out, will still furtln r 
add to oui knowledge in this nspect Again too, Geology (but this follows 
almost as a matter of course) has in its own lino plaved an i qunl part I would 
that Botany could bo mentioned in Hus conn non , but hoio it seems as if tho 
elu^st of the biological sciences wi n uot as she usually is, m advance of the rest, 
nd Mr Wallace's suggt stion (vol n p 102), that /oology furnishes a kty where¬ 
with many of the difficulties besetting the study of tin Distribution d Plants nia) 
be unlocked, will doubtless moot with due attention from botanists 

* Th® Geographical Distribution of Animals, with a study of tho relations of living and 
extinct Kaunas as elucidating the past changes of the Barths Surfaoe By Alfred Russel 
AVallace, Author of Ihe Malay Archipelago, 1 Ac 8vo, two role London 1876 
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Of the caie and labour winch the authoi of this woik has bestowed upon it, no 
one hero, I v nluro to think, Jias a better right to speak than my self, beenusf it is 
not \ory long ago that I attempted ft dissertation on the Geographical Distribution 
ut a singh Class of animals* Though it was the Class with winch I am most 
lamihai, and though m my attempt I had the invaluable ashi>lanci (t Mi 
W ftllati s nianiHCiipt at lm side, winch cleared wy way thiough many obd ich <, 
still 1 tound the task one ot enormous difficulty, and out which I fit times almost 
repented that I had undertaken, yet Mr Wallace has tieated not ot Buds 
only, as I did, but of Mammals, Amphibians, Reptiles, and Frc^hwatt r 1 lshcs— 
to say ujtlung ot the most telling Families of two tudus of Tndects, with tin 
Molhislts to tai as they were available ioi his purpose Tliue is nothing that m 
t (lining ov< l tin pages of these volumes s > much sit ikes uu as the oik rgy they 
ounei on tlu poll of then mtlioi Those who have bun most tut ustomed to the 
hteintun ot /oology must admit that there is namely anv booh with which ‘ The 
(rt ogifiplucftl Distribution of Animals’ may nut, in respect of haid and honest 
woik, be ftdiantige msly compand It desuvts to hail good fnut, and I am 
greatly mibt do u it it will not dj so 1 lorn in cdiuaiional point ot ntw, it can 
buidly iul t) b < t the gi att si suvicc Attiactiu ius is the sublett f) llnse that 
luuwit md s i its bi nings, tli Irunu lius hitherto been rcpclh d tr >m its con- 
Hideifltiou by tin want of any woik of gem ial compass whit h would guide Jus 
ntudii Sj while eua in\ ot thost treatises which have a piutuulni reop win ol 
much us< to him Mr AVailacu has now pi ic< d oue in his hands, tml the lesulfc 
wo need not try to anticipate One thing, howorei, is cleai—the Distribution ot 
Animals can no longoi lie iitghchd as a stcomluij ol ummpoitmt pftit cd /oology 
It only lemams foi me t > ad 1, while thus attempting to set toith tin gem ml im uts 
of this learned woilc, tlml I bv ui im ans pm my faith to till the authoi s dctuls oi 
to all Ins tonclnsims Arost of the lattei may indied bo justified by tin pit suit 
impeiltct slate of om knowledge , but it dot snot Jollon But tin y w ill vcntunlly 
meet with common at uptime* I must paitu ulaily c ill yoiu attention t) tho 
udnuiably cautious w<ids in which ho takes have of hn itadeis—vvotds that 
piovt him to bo tli uoughly imbued with tho light spirit of a true woikti m a 
progressive blanch ot study Ah A\ alheo says — 

“ Tin pm < eling remitks aio all J now venture to oilti, on the distinguishing 
feature s c t th van ms gioups of Jaml-nmnmlH as regnids their distnbution and 
nngratuns J In aio at best but indications of the vanous lmiw ot re^eareh 
opened up to us by tlu study of animals fiom tho geographical point of view, md 
bj loolvin ' upon their muge m spare an l time as an impel tant portion ot thu c nth s 
hisior) I.ill t v tiy* wt 11-maikcd elistiie t,—eveiv aithipckg >, and tvei) im¬ 

portant island, 1ms all its known sp< (us ot the mote lmpoitant groups of animals 
catalogued on a urn fin m pi m, and with a umloim noimnclatuie, a thoroughly 
satufactoiy accouut of the (icogiaphual Distnbution of Animals will not hi 
possible ’ 

\ml then ho go s on tv point out tint in no than this is vvauti d — 

‘‘Many of tho most emious relations between anunil toims an 1 tin ir habitats, 
aio entirely u untiecd, owing to the produelimaen the reiinn iocnlny an ) bung 
associated m om nms mrm and collections At w«u h illations have bun biought 
to light by modem st leiitific tiavellu'i, but many moio rimam to be discovered, 
and there id probtbly no fieshtr and more productive held still unexplored m 
Natuml History ” 

These coincident vaiwlions, ho c-include a by saving, “have nevoi been svstema- 

tho hidden lawn (supplementary to Natural Selection), which sum to bo required 
in owlei to account foi many of tho teternal charnc tern! its of Animals ’ (vol u 
pp 552, 553) 

And now to follow out the idea with which I began Having touched on the 

* “Geographical Distribution of Bird*," EmyclopTdia Bntamuoa, Ed 0, vol ui. 
pp 750 704 
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two chief soological events of the year, let ns see if they do not Buggest something 
that will not be beneath your consideration for the remainder of this address. 1 
have spoken of the certainty of the expedition from which we now welcome our 
friends being succeeded by others of similar character We shall linrdly be in¬ 
dulging any vain imagination if wo ask ourselves what we may look forward to 
as regards their reports , and to one point we may perhaps usefully apply ourselves 

What if a futuie 1 Challenger’ shall report ol some island, now known to possess 
a rich and Mined auirnal population, that its present fauna has disappeared P that 
its only Mammals were feral Rigs, Goats, Rats, and Rabbits—with an infusion of 
Ferrets, introduced by ft zealous u acclinmtizer” to check the superabundance of 
the rodents Inst named, but contenting themselves with the colonists’ chickens v 
that Sparrows and Starlings, brought Irom Kuropo, woro its only Land-birds, that 
the toriner had propagated to such an extent that the cultivation of cereals had 
ceased to pay—the prohibition of bird-keeping boy h by the local school-board con¬ 
tributing to the same effect—and that the latter (the Stallings) having put an end 
to the indigenous insectivorous birds by consuming their food, had turned their 
attention to the settlers’ orchards, so that a crop of fruit was only to be looked for 
about once in five years—when the great ] enodical cyclones had reduced the 
number of the depredators Y that the Goat* had destroyed one half of the original 
flora and the ltabnits the rest P that the Rigs devastated tho polatoe-gardens and 
yam-grounds p This is no fanciful picture I prr tend not to the gift of prophecy, 
that is a faculty alien to the scientific mind , but if wo may reason from toe 
known to the unknown, from what has been end from wlmt is to what will be, I 
cannot entertain a doubt that these things are coming to pn^s, for 1 am sure there 
are places where what is very like them 1ms already happened 

You may ask why tins is so P why do theso lands so speedily succumb to tho 
strangeis from beyond sea p One pait of the answer is ltiuiy to hand with those 
who have learned one ol the first pnmiphs ot biology whh h our giont master, 
Mr Dai win, has laid down for us The* weaker, the moie guumli/ed forms of 
life must always make wa> for the stronger and moie spe< inh/ed Tho other part 
ol the answer is supplied by Mr Walla*u, for no one can have studied bis volumes 
to much purpose without peiceiling that the inhabitants of oceanic islands and of 
tho southern hemisphere—the great Australian Region especially, and Houth 
America not much less, are the direct and compnralivcly speaking little-*hnnged 
descendants of un older, a more generalized and a wenkir fauna than aie tho 
present inhabitants of this quaiter of the globe, winch luivo been, mj to speak, 
elaborated by Nature and turned out as the latest and most perfect samples ot her 
handiwork. 

Rot face to faco with unlooked-for invaders, and forced into a contost witli them 
from which there la no lclient, it is not in the least surmising that the nntiv es should 
sue* uuih. They havo hitherto only had to stiuggh* for existence with creatures of 
ft likn oigani/ation , and the issue of the conflict which 1ms Ik on going on foi ages 
is thftt, ndnpted to the conditions under which they find flu involves, they maintain 
their footing on grounds of equality among one nnotliei, nnd so for centuries they 
may have “ kept the noiseless tenor of their waj ” Suddenly man interferes and 
lets loose upon them an entirely new race of animals, which act and react in a 
thousand different fashions on their circumstances. It is uofnecepsary that the 
new comers should be predacious, they may be so far v oid of offence os to abstain 
from assaulting the aboriginal population, but they occupy the same haunts nnd 
consume tho same food Tho fruits, the horbnge, nnd other supplies that sufficed 
to support tho ancient fauna now have to furnish forage for tho invftdors as well. 
Their effects on the flora there is no need for me to Lace, since Dr. Ilookor ex¬ 
pressly made them one of the themes of that discourse to which many of us listened 
with rapt attention a few years since at this Association Jiut the consequences of 
the invasion to the nativ e fauna have nevor been so fully made known. The new 
comers are creatures whose organization has been prepared by and for combat 
throughout generations innumerable. Their ancestors have been elevated in the 
scale of being by tho discipline of strife. Their descendants inhont the developed 
qualities that enabled those ancestors to win a hard-fought existence whet the 
animals around them were no higher in grade than those among which the de* 
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scendanta are now thrown, Can we doubt that the victory inclines to the heirs of 
the ancient conquerors P Tho atiuggle is like one between an army of veterans 
and a population unused to warfare. It is that of Spaniards with matchlof ks and 
coats of mail against Aztecs with feathei cloaks and bows and uirows Mala 
salrn tidts A few years, and the majority of native bpo< ms uieoxicnmii.ifed Hut 
this is not tin 1 woist The species whuh perish most quickly are just those that 
naturalists would most wish to presene, for they are those peculnu and endomie 
foims that m stiuctme mid coiMitution represent the ancient state of thingH upon 
the earth, and supply us with tome ot llm most instructive evidence as to the 
Oidtii oi Nature 

With the progress of cmli/ation it is plain that there will soon bn haidly aland 
but will beat the standard ot a European nation or of a community of Kuropouu 
descent, and, tilings mo going on, bo ovonun by their impoits If this weio 
inevitable it would be useless to complain Hut is it iru vitiilih* y Is it not ob\ ious 
that most of this (xtt lmmatnm lshiing earned on unwittingly ? and may not some 
of if be avoided by piopei prei autionsr' Ii so, should not men of si lento make a 
bland, and lnletest the ignoianl or tarcless in the unpoitame of the subjects I 
cannot divosl illicit ot the belief tlmt the couno ot the ne\t century will see the 
extirpation, not onlv of most ot the peculiar fimnasl bad in view a few minutes ago, 
but of a gie.it multitude oi other species of nninuils lluoughout all parts of the 
woild 'I ho regril with whuh I ngaid smh extnpation is not merely a matter of 
senturn nt line sentiment ami w lencu are for onto on the same side A lua\y 
blow Hill be inflicted on Zuulogv by the disappearance of some of these maivellous 
and ] oeuliai fnims Theio is no one species of ammal whose structme uud habits 
have hi on ho completely investigated that absence of the means oi Author exami¬ 
nation would not oo a distuu t ikpmation to Hcicucr , and as what Science has 
done h only an earnest of what sho will do, we cannot nay that the time shall evei 
come when the want of those means will not be severely felt It is then foi 
fluentdu men, and foi natmalists especially, to consider wlmthei they are not 
bound, m the interest of then succothois, (o interpose mure than limy Lm\o hitherto 
given any sign of doing 

Uufc outride this audience thoro me many who rv.ro little for consequences like 
these. Such persons nmv, however, be impressed by thinking that the mdrecnmi- 
mito destruction oi ammiiK whuh, m one way oi auuthc), is now going on, must 
Hoonoi oi later lead to tho oxtiipation of ninny of those whuh minister to our 
wants, whether of comfort or luxury The fur-hearing creatines will sptedilv, if 
they do not alicady, require some protection to he gonendly acornded to them , and 
that such pioteition can be ellectually given is evident it we tnko tho trouble of 
inquiring os to tho steps taken by the Russian local authorities in Alaska, and now, 

I believe, continued by tlm^o of the United States, for limiting the slaughter of the 
Sea-Ottor and the Fm -Seals of tho adjacent islands to particular seasons No one 
can suppose that, even with the assistance wo get from Sibeua, our supply of ivory 
will continue wliat it now is when tho interior of Africa is pacified and settled, 
as we can hardly doubt tlmt it one day will bo , and, unless wo can find some sub¬ 
stitute for that useful substance before that day comes, it would l>e only prudent 
to do something to check the wasteful destruction of Elephants Many people 
may think that thacontinent of Africa is too vast and its animal life too luxuriant 
for the eHurts of man materially to affect it. If we inquire, however, we shall find 
that this is not the cose, and that thoie is an enormous tract of country, extending 
for beyond our colonies and the territories of tho neighbouring Republics, from 
which mo*t of the larger Miynmale have already disappeared There ia (rood 
reason to believe that at least one species has become extinct within the last nve- 
and-twonty years or thereabouts, and though I do not mean to say that this spocias. 
the true Zebra, had any economic value, yet its fate is an indication of what will 
befall its follows; while to the Zoologist its extirpation is a matter of moment, 
being probably the first case of the total extinction of a large terrestrial mammal 
since tuo remote days when the Meyaceroa hibcmxcm disappeared, 

Time would fail me if I attempted to go into particulars with regard to tho 
r marine Mammalia, It is notorious that various members of the Orders &rwi*a> 
C&acen, and Ptmtptdia have recently dwindled in numbers or altogether vanished 
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fiom the earth Iho Manatee and Dugong have btui luklossly killed off hom 
bundled* of localities vvhf rt but a century or so since they abounded, and with 
them the atous of valuable oil that they furnished hn\e bun lost That very io- 
nmikable Sm nnn the kii £0 Rhyttna qujas has become utterly ixtinet Ihe forced 
>t whakrs is bf li ac 1 t» lmu liid the sami eflect on a Cetacean (the Tialo'na 
biscai/niwi) which was once the cause cf a flourishing in lastly on the coasts ot 
1 ranee and Spain 11 k same gretd lias almost oxlLimuiated the Right Wh ih of 
the northern sons and is fist ucoomplishiu g the sum end m the case of btals all 
ovu tin world \ o i aio m ibably await that an V t t f Pailiament parsed in the 
session of IHT'S was mknikd to p it b me check ui on those bl odv massacies that 
aunuallv take plact oi the II atmg ice tf the Soith Atlanti , to which these 
ueatiuts lesort at tho time of bringing foith thou 30 mg, wlien 

Si os m thfis tluldien ni one oir in ft e lie 

hut, wluthtr through official inditkunce, 01 what, I 1 now not, the tioaties with 
ioioign nati 11 s tuilh ni/ed b\ th it Vet weio n it eompkud , and laat 8jrin 0 , at tho 
solidtatKn it ceitam Abtrle n er TtUrlund slnrewners the Board ot Tiado 
allowed “011 \t u 11101 e ot wh dosalo slaughtei AVhatcvei itlui nations might 
like to do, our hands nt 1 ist sh mid have been unst uned 1 It is adtmtio 1 that iu 
< t ltam nmnuiacliue —that >f ]ut< foi instance animal 1 il is absc lutolv n co^sary 
It is easy to s < that b fno long tlieio will be \eiy little annul il forthcoming 
There is an< tl r ( la s of animals with wh si will 1) lug the. interest# it man 
nioluip h t nn etui It camut bo d nied that on 1 uh lies aio uai 1 y yen 
subject* d t > an t \ 1 men osing strain, through the rapidly lncioasing population of 
tluHiislindd an l are pi\mg unnustakal h signs of b mg unable to bear it But 
it must bo alnitled tbit the c mhideiatiou of tliui case is fraught with unusual 
diihculties G mmissions, utliu Royal <r rarlianu ntaiy him bun app mted 
one after unothei t > inqiino into the tacts and t> seek a lemely, it one is ti be 
found, f 1 the tall mg off It is with gieat ch flick nee. that I vulture to ] ass any 
uitiusra on tho iccommonlnti ns made by tlioso ( mnussnn* and esp u illy oil 
such 3 w< r t nt tin* 1 in the lie] 01 1 ot a ( ommi^u 11 tht lunstituli) 1 ot which 
was Huoh as t) inspire tho gicatest r ^poct since men so eminent os lb of lluxlev 
and Ah lloldswoith were named m it That Commission lcpoited 111 elhctthat 
thcie w is nuthing to bo d mo w ltk our Sea-1 lahenes but to leave things alone I 
do not piofus to quote the words of tho Report (which, indeed, I have not seen 
itr a, long time) hut in substance I believe, it amounted to tins —That the 
natural enemies to which 1 lakes were exposed were so multitudinous, so ciaftv, 
and so mpncious that their destiuction by man woa veiy slight m comparison, and 
that Ins luterfti nee might bo safely neglected in consideimg its consequt wos 
Now it has always set mod to me that the Comnussioneis 011 this occasion eufteud 
themselves to be deceived AVell aware ot how little 19 known as to the indirect 
effects of man s at ta in legal d to the lowei animals, and in their feai lest any un- 
forseen bad icsults should toll iw from measures mtendid to be remedial, limy re- 
(ommeudul n me at all But I fail to discern that land or sea makes any essential 
difference in tho laws of lifo The balance of Nature must be pieserved aa steadily 
m a dense as in a rare fluid—in water as in air —01 all will not go well What- 
ever be the weight in either scale, equipoise is as easily destroyed by an ounce a* 
by a ton Tho marine IAshes that aie of such commercial importance (Cod, Heiv 
uugs, and the like) have natuially, no doubt, enemies innunieiablo—Doghsh, Cor¬ 
morants, PtrnoiHts, and what not, but we know that, owing to then futility and 
habits, the t'od and Honings have continued till lately to contend successfully 
w ith these drawbacks and to maintain their numbers It matters not if only one 
egg of the 10,000, or whatever be tho number 111 tho roo of a Herring, pioducts a 
fish that arrives at matunty and escapes its natural enemies, so long as that one 
fish is sufficient to supply the place of its parent Now this, according to the 
arrangement of Nature, has hitherto been the case But if, instead of that hsh 
1 mng to propagate its kind, it is cut off before its time by an enemy against whom 
Nature has made no provision, htr balance is at once destroyed, ana tho oftener 
the operation is repeated the sooner will the numbers of the species dwindle, and 
the dwindling will g > on in a rapidly accelerated ratio Ihorefore it seems that, 
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sj far from leaving our Soft-FuWie* unrestricted, it is highly necessary to 
impose some limitation upon them; and, so far from dreading interference, 
oir interference is at present so fatal that further interference of anothei 
kind is required as a counterbalance, while that counterbalance Science o.ih can 
nppi). 

As much may bo said for those other industries, in common speech aNo 
CvaUeil 14 fisheries n —the taking of Oysters, Crabs, and Lobster^ all of which have 
lately been diminishing in a still more alarming degree Iieio Parliament has 
wisely resolved to interpose, though whether the manner of interposition is wise 
seems to be a matter on which, as few naturalists have been consulted, we had 
better reserve our opinion. 

Thus, without troubling you with many technical details, I have atm on to lay 
before you tv sketch of raai/s treatment of some of his fellow-creatures, aud of the 
effects "which have sprung, or certainly will spring, from it. There is probably 
hardly an island on which he has sot toot, the tauna and flora of which has not 
been in some degree influenced by his even temporary presence, there is assuredly 
not a continent, though a continent takes longer to subdue and his control does 
not stop at the shore, for, if what I have been advancing is true, the inhabitants ot 
tho deep come also more or less under his dominion 1 invite you to contemplate 
whether it is always, or even generally, that of a bmelicent ruler. Hut it will 
doubtless be urged that this kind of tiling has gone on for ages—ever since life 
first ousted on the earth I may bo told, in the woids of the great poet of the 
count]^ in which we now find ourselves,— 

“ Look abroad through Nature’s range, 

Nature’s might) luw is change 
#*#*##* 

Why then ask of mll\ man. 

To oppose great Nature’s plan ?” 

I would answer from the same source that 

“ -— man, to whom alone is gi\ ii 
A ray direct from pitying Hen’ll,” 

should by means of that ray not oppose Nature, but rather second her prewvatji e 
measures. That ray is tho ray of Science Wo can only gov era Natuu a by obeying 
her, only by obeying her can wo assist her. To obey her laws we must know 
them , what can we know of them but what Science tenches usP 

It may be said that I havo taken too gloomy a view of this matter of the extirpa¬ 
tion of animals by man. I wish I could think so. But I believe that if we go to 
work in the right way there is yet time to save many nil otherwise expiring specie^. 
In this country there is happily a strong disposition, which grows stronger uay by 
day, to preserve our wild animals It is very desirable that this feeling should 
not be limited to the British Islands. If it is, as I maintain, a right feeling—a 
feeling sanctioned alike by humanity, by Science, and by our own material interests— 
it cannot be too widely disseminated But its propagation must not bo left to 
humanitarians and sentimentalists, whose efforts are sure to be brought to nothing 
through ignorance and excess of zeal, nor to economists, whose endeavours w ould 
unquestionably falhshort of what is required The officiousneas of tho one class 
ana the slackness of the other must equally be tempered by the naturalist He 
can be trusted not to interfere wtth the use, but with the abuse, of the animal 
world. Only to do this ho must place himself in the forefront of the movement; 
for he can submit to no otheu loader. lie alone has, or should have, that know¬ 
ledge which gives the power of coping successfully with tho difficult questions that 
will arise, and the advantage it gives him ho must not abstain from exercising 
If, without offence, I might nere paraphraso some venerable word*, I would say 
that, according to the greatness of this power, wo nuet pro'erve those that aii 
otherwise appointed to die 
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Anatomy and Physiology. 

The Future of Physiological Research.—Address to the Department of Anatomy 

and Physiology . By John (Jrfy M>Kknrricy, M D , Fellow of the Royal 

College of Physicians, and of the Royal Society, of Edinburgh. 

Bearing In mind the fact that one of tlio objects of the British Association ih to 
interest the public in the advancement of scientific truth, it has been the practice 
of the Presidents of tho various Sections to make Home remarks of a g«‘ru‘ral cha¬ 
racter, or to give a ?of the recent progre^ of science in their particular 
department I shall follow so far the example of my predecessor I shall not 
attempt to enumerate, far less to descubo, the contributions made to anatomical 
and physiological science dining the past year, because that would entail a long 
and wearisome report regarding investigations with winch most of us are already 
acquainted by the perusal of those excellent summaries that appear from timo to 
time in our scientific and medical periodicals With tho view of limiting the 
scope of this address, 1 propose to offer a few observations beanng generally 
upon some of tho scientific and social relations of anatomy and physiology, with 
the view of interesting the public in what we have been doing, and what we hope 
yet to do 

Thoso sciences present different views of the same great system of truth Each 
can bo conceived ns existing independently, while at the same time the one science 
h tho complement of the other Anatomy is tho Rcieuie of oigame form, while 
physiology is that of oignnic function Tho anatomist investigates stiucture, its 
form, geuer.il arrangements, and laws, and he may include in Ins survey the pur¬ 
poses or functions v\hith the struttuio fulfils Recently* an opinion has been pre¬ 
valent, and has cropped up in various quarters, that anatomy w but a preparatory 
science for physiology This opinion has probably anson m consequence of the 
rapid growth of physiological science during the last twenty or thirty years But 
there can bo no doubt that anatomy has a tola of her own uy no means inferior to 
that of physiology Hhe has to educe formal laws which determine the structure 
of organized bodies and their parts, and thus she establishes tho basis for scientific 
classification and arrangement Anatomy is tho beginning, of course, of all medical 
education, and the groundwork on whien tho practical arts of medicine and sur¬ 
gery are reared , but in a broader sense, the science has to do with the structure of 
overy annual, from tho simplest to the most complex, and from the facts obtained 
in tho investigation of the structure of any animal, wo are able to recognize the 
relationships it has with other animals, or, m other words, its position in the Zoolo¬ 
gical scale. 


Methods of Anatomy. 

The methods of anatomical science aro dissection, description, and comparison. 
These methods have been followed by anatomists from the birth of the science f but 
in recent times they have been largely supplemented by the use of the microscope, 
ind by the employment of various modes of preparing tissues for microscopical 
inquiry. Now-a-aays the anatomist not only describes naked-eye appearances dis¬ 
played by the art of dissection, but he scrutinizes every tissue and organ with the 
aid of tne microscope Hence it is, tho historian of 'the progress of anatomical 
knowledge in this century will have to relate, as one of its chief features, the deve¬ 
lopment of microscopical anatomy or histology In no department of scientific 
work is greater activity manifested at present than in this Scarcely a month 
passes without adding materially to our stores of knowledge, so as to make it 
almost impossible for a man to keep abreast of modern histology, and at the same 
time devote due attention to other departments of anatomy and physiology. In 
Uormany and France men devote their energies to histology as to the business of 
their lives, and occupy chairs in many universities distinct from those of anatomy 
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snd physiology. In this country, from social and other considerations, such a divi¬ 
sion of labourite not generally made, but the time will assuredly come when It must 
be done. 


IflHTOLOGY. 

It may be supposed from those remarks that I regard histology as Umg entirely 
within tho province of anatomy Ity no means Histology is neutral territory 
between both It is that department of knowledge* where the two sciences over¬ 
lap The physiologist must investigate minute structure, in which the beginnings 
of physiological processes take place, because without knowledge of it idl his ideas 
as to functions of organs or tissues would be superficial and imsntisfnetor) When 
a physiologist examines a tissue, or a section of an orgnn, however, the morpholo¬ 
gical aspect w not v\lmt is prominently before his mind, but its mode of function 
To him the form, size, position, and relations of the cell fue not tho special subjects 
of interest, but its probable mode of action in the economy lie therefore wishes 
it could he seen working, or at all events in conditions as nearly normal as possible 
This desire hnp already led to the invention of various new methods of research, 
such as those of tho hot stage, or plans for tho observations of changes in cells or 
fibres in parts accessible to tnc microscope, methods which have already been fruitful 
of good results I have a firm belief that this line of work haw by no means been 
followed to the end, and that along it the physiologist will still be conducted to 
nch harvests in tho fields of histological research 


MrruoDR or Piiymoiogv 

The kindred science of physiology has for its object the elucidation of unction, 
and it has, in addition to the methods of anatomy (namolv, dissection, description, 
and comparison), those of pathological observation and expci imputation. It is con¬ 
fessedly tho science most difficult of all to prosecute The subjects of investiga¬ 
tion aro intricate in structure, and are formed of complex ehpnui.nl materials, which 
are in constant interaction with the surrounding world Each animal is a machine, 
the intricacies of which are infinitely more involved than those of any human 
fooilufacture To stop this machine, in tho attempt to discovtu the action of one 
of its parts, is a proceeding, in many instances, which interferes with Iho very part 
the action of which we wish to find out. As we descend in tho scale of animal 
life, and the machine becomes less complex, this difficulty is not so obtrusive, inas¬ 
much as in many animals of simple organization there is not tho samo dependence 
of organ upon organ, and of tissue upon tissue, as we find in ihe more complex 
But in most experimental researches in other sciences the conditions are also mani¬ 
fold, and the acumen of the philosopher in nil is tested in distinguishing the essen¬ 
tial from the non-essential conditions 

In the further prosecution of physiology as a physical science, winch it really is, 
experimental inquiry, with the aid of precise instruments, and the facts derived 
from the observation of the course and effect* of disease, seem to me to be the two 
linos of evidence which will in future weigh with us in coming to just conclusions 
No doubt it is quite true that much of the minute anatomy of the human body, 
and more so of the minuto anatomy of the bodies of the lower animals, is still 
unknown, and that there ore probably many details, vimble only to the microscope, 
not yet discovered, which tnay influence our opinions as to the exact functions of 
parts. This is especially true of the structure of the ner\o-centres. We have at 
present only very general conceptions of tho arrangnmonts of the cells and fibres in 
these parts, and it is highly probable that future aiscoveries in this difficult field of 
investigation may change our views, not only of nervous actum in general, but of 
the functions of particular centres. Accordingly there can bo little doubt that as 
the naked-eye dissection has revealed structural arrangements which have hitherto 
guided the physiologist to correct notions of function, so in tie future a similar 
service will be "done to physiology by the histologist. Rlill physiology will have to 
depend less on aid of this nature, and more on the facts obtained by the methods 
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of patholt gwal Wnati n ai d experiment These methods arc essentially of the 
name ordci ] hry vfu> the circuimtancev of the plienoinon >n we wish to lmesti- 
gnte, ami b\ the application of w* 11 known logical lulos, we succo* d in ehmmatmg 
the camo of a phemmenon fiom its indifferent accompaniments Diseased condi- 
ti >iia, as has been wtll said, nre t vpenments ready at hand, and every pli}8Kian 
and surgeon of scientific ppmt is from day to day engaged m investigating these 
ronditinis n >t only Tilth the saw of curing his patient but with tho hope of 
throwing light on complex pinHiological prex < ss< 4 But direct experiment has the 
advantag ov cr thn obsei vation of pathological effects that it enablos us to vaiy 
the conditions of tin pin no nenon as we dtsue Thus the functions of the neivos 
were asceitairu 1 hy tin. expcnnunt of dividing <och in turn, and watching the 
effect \\ lien n fin etion is airested immediately on tho division of a nerve, it is 
held that that fimcti >n it quin* the mnt m oidti to its peifoiniance 


Tin \ i \infction Qc i si ion 

Imake these lemarks regalding the value of the experimental method in phy¬ 
siology because wc cannot foiget tho attempt which has recently been made 
1 1 restrict us in the use of this important aid m prosecuting our sen neo I shall 
not enter again upon the contioveisy which has raged in this country regard¬ 
ing oxpenmt nts upon animals because by tho passing of tho Bill a practical 
solution of the question has been arrived at in the ni( an time, and it now 
bee urn a us, as good citizens, to do all in our power to eanv out the provisions of 
tho net and to give it a fair trial I may l* pcrmittod to say, however, that I 
nl\va>s rLCogni7ed the right of tho public to agitato on this qiustion if they consi 
derul that rrmltv was lx ing perpctiated 1 hope tho day will never come when 
tales of suffering intlicted either on man t r buist will b In ard by us with calm 
lndiflutnee Ihe coni]limit I havt against a motion of the public is, that the} 
belli ved appari ntly all they wero 1 )ld aud cond< mned ua without waiting for 
pxjl'iunti >n or defence \t th« sime time it was notwisi to meet this agitation 
w ith cont< mut and scoin f i the ignorance ot those who < arned it on , and it seems 
t) ini that tho appointment of a Koval Commission to investjgato the facts of tho 
case was the best thing that could have be on done b} tho (Toverntneni That 
Commission was composed of tlnee eminent statesmen—Lord Laid wtll, Loid 
A\ lnmarlugb, and Air 1 >rstor ot a groat law}tr, skilled in the art of obtaining 
and w lghmg evidence Sir John Karslake, of one of the leading biologists in this 
( luntiy, Professor lluvley, (fa surgeon who knew the lolation ot physiology to 
the practical art of tuntmg disease, Mr knehsen and of a hading journalist aud 
most able tlunlccr, Mr JTutt in, the editor of the ‘Spectator * Thus composed of 
men likely by clmrae tei aud previous tiaimng to ascertain the truth, and to suggest 
wish piocedures it hold numerous mo( tings, examined witnesses partial and lmpai- 
tial, collected a body ot ewd( rice of a most interesting and diverse character, and 
gave in a report which, while it ri commended legislation, is generally m favour of 
ph}Biologists No one can read the evidence in the blue book, and the lepoit 
io mded theieon, without comma to tho conclusion that the case of those who 
rusod the outcry against ph}siologists in this country completely bioke down On 
ronsidenng this report the Ooveminent brought in a Bill, certain of tho provisions 
of which seemed not only oppressive to physiologists, But were calculated, if earned 
into law, to impede tho progiess of science The members of the medical prota^ 
sion who knew the value of the experimental method m physiological resea$6fe 
an 1 who were painfully conscious of the rnanv imperfections of the art due to vfsn 
of knowledge, vveic now aroused, and, by a use of the machinery of the ‘Bnusn 
Medical Association 1 tin} aided the few physiologists of the country in making 
representations to tho (lovt rnraent, which were favourably received, and which 
led to important modifications in the bill That bill has now passed into law, and 
I appeal to our opponents to desist irom further agitation The case has been tried 
and the verdict has been given For my own part I was all along opposed to 
legislation as being quite unnecessary in the circumstances, but I had, at tne same 
time, that confidence m the common-sense and good feeling of our legislators, as to 
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expect ft bill favomable to physiologists when the fact* wtie put bctoie them 
Some of our opponents, led avvny by their feehugs, have putiu print mini} cnoneous 
statements liosts nf pamphlets have been circulated, man}' of them well meant, 
but utterly w long both m form mid inattei Fora season these pamphlets pio- 
duccd effects, and nmny people of good intentions were led ftfltinj But ft inaction 
began, and when the lending mcmbeis of the medical piofussion cnmo forward 
boldly and stated then opinions, it was soon completed 

The only preventive for flucli uimiuiI excitements is the diffusion ot Knowledge 
I liave no belief whatever m the thooiy that most people rue tools on qur stums of 
tins kind The great majoiity of our people of both sexes are pf rfectly capable of 
reasoning and of fonmng sound opinions What they reqiuie is know ledge, evi¬ 
dence, and representations strong enough to overcome the bias < f prtjudiee I 
therefore warn our opponents that if the agitation be Continued, we will appeal to 
the bar of public opinion We will instruct the public through the piess ? on the 
platform, and by the pamphlet, and I have no fear of what tho issue will be Tho 
Joct that the members of the medical profession who, by knovvh Hgo and bn bits of 
thought, are best competent to judge in this matter, acted a 1 * they did, indicates nt 
once the result. 


Impoutanci: op ipac lung Biology. 

Tins leads me to say a word as to (lie diffusion of biological knowlodgt among 
the people I regard this as ono of the healthiest signs of mu day A genera) 
knowledge of the stiucture and functions of the human body, nf its necessities, ot 
those agencies wlneh act prejudicially upon it, and of those conditions which favour 
longlife, the relief of pain, tho prevention of sickness, and the tiansmisMon nf 
hciuthy offspring, cannot fail in being of high practical importance Fuitliermore, 
tho acquisition of knowledge of the geneial laws of life as seen in the wirious hiing 
filings about us, in addition to being an intellectual training of gloat value, will 
probably engender a feeling of kindness for every living thing, and thus even 
animals will share in the benefit At ono tune knowledge of this kind was almost 
wholly reserved for tho medical profession, but now it is taught in every village 
school The instruction of ladies in a knowledge of the general stiucturo and 
functions of tho human be dy has recently Veil successfully carried on m various 
parts of tho country, more especially in Kdinburgh and Fomin nlge , and I can state, 
from my own oxpeiience of this matter, that theio is no difficulty whatever m so 
treating the subject as to make it nit* lcMmg and instructive without giving it tot) 
much of a professional character Tho effect of education of this kind will be that, 
within one or two generations, many social questions will be viewed mom from tl e 
physiological standpoint than at pre«ont, doctors will be able to gi\e an intelligible 
explanation to their patient* < f their condition, when it is deemed puliuous to do 
so—a feat not easy of perfoimance at piesent, the manag* incut < f tho sick will be 
better attended to on more rational pn no plea ; quackon will waste away by di- 

f p-ees, because it will have no ignoiance and credulity on which to feed , and leg¬ 
ation will be prompted m many instances not by emotional agitations, but by 
enlightened view's of the physical^atuie of men. 

I cannot help mentioning tho name of Professor Huxley in connexion with tho 
introduction or this great subject among our educational appliances, both as to 
what should bo taught, and how to teach it, and it may not bo considered pre¬ 
sumptuous in me to predict that this alone will entitle him to a place in tho thought 
of posterity. 


Phacticvl Aspfots of Anatomy vni> Physiology " 

There is an impression in the uimds of mam lcgnrdmg ouv scientific work which 
I would Uke to lomove; and hcio I direct my remarks, not to purely scientific men, 
but to the public. Many still think that anatomy and physiology have no practical 
side, and consequently they do not take that interest in then prosecution which 
they otherwise woulddo. The results of the triumphs of plivsica, cheuiMiv, and 
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ongineoilug are so patent to all as to excite universal interest, so that you wifl 
often find a man of a\ erage intelligence readily engrossed in any new discovery of 
phybics or of chemintry, while lie is indifferent to new facts m the domain of 
biological science This state of inmd, of course, is due to a want of appreciation 
of tho practical aspoct of our woik, and I hold that till the man be better informed, 
he is quite entitled to take this new of tho matter But I wish to point out that, 
although our sciences occupy their own place oh abstract systems of truth, bearing 
no apparent relation to tho wants either of humanity or of tho lower animals, slill 
they have nl^o a piaeticnl aspect of the highest importance My belief is that 
every alliance in science, by adding to the sum of human knowledge, and thus 
enabling man tn ha\e a conect idea of his tine position m tho universe, and of hw 
1 el ft tie ns to it, will ultimately piuinoto both Ins own material well-being and that 
of the other living thmgH about him f do not see how it can be otherwise , and 
tho histoiy of the past suppoits this new Knowledge promotes m duration ; and 
the progress of civilisation, on the whole, lessens wuueting and lueroosea tho 
physical somces of happiness both to mini mid boast The thought must therefore 
he'urged, that o\orv resoaich, however far removed it luay appeal to bo at first 
from Laving any relation to the w elfare of living things, occupies its place m leading 
to this grand consummation—life, hbertv, and happiness to all, From many illus¬ 
trations which occur to the mind, I shall take oiily one M Fastenr proved that 
in the atmosphere there exist germs or particles of matter, call them what you 
will, w Inch excited fermentation and putrefaction in certain fluids Of this, I think 
there c annot bo nny reasonable doubt AVhether fermentation bo always tho result 
of the presence of germs is another question, upon winch I shall not enter, nor shall 
I engage on a dist legion of the question of so-called spontaneous generation, which, 
though highly probable, lias never, in my opinion, been proved Those investiga¬ 
tions of Pastern, relating to winch a gient Conti ovorsy has taken place, referred to 
annual and vegetable uiganisins of tho very humblest type, organisms so small that 
to prove their very evidence in tho mr, indirect and complicated methods of 
procedure had to bo adopted But Mr Lister, who once occupied the Choir of 
Surgery in this University, and who now adorns the CJmir of Clinical Surgery m 
Edmburgh, was attracted, whilst he was in Ulasgow, by the doctrines of the 
eminent French chemist, he repeated experiments to satisfy himself of their truth, 
and he came to the conclusion that these particles m the air are the sources of 
disturbance in wounds, loading to suppuration, putrefaction, and many grave 
constitutional symptoms. To remove the influence of these germs^ ho dev mod the 
antiseptic system of treating wounds, a system first put into operation in this city, 
and winch is attended w ith great success in the hands of those who practice it 
carefully. Slowlv but surely tins system—tho greatest advance in surgery since 
the days of John Trmiter—is winning its way in this country, on the continent, and 
in America, Tho surgical mind is eminently conservative and not easily convinced; 
but it gives way after a struggle, and the benefit both of tho preliminary caution 
and of the subsequent vigoioiw adoption is to humanity. Wnat does the prac- 
tico of this system of treating w r ounds mean ? It means, speaking generally, 
the banishment of pyaniun and surgical fever from hospitals, the possibility of 
performing many serious operations with comparative snfoty to the patient, the 
relief of pain in the dressmg of wounds, and the saving of human fives. I need 
scarcely add that Professor Lister did much in lus earlier years to give him a high 
place among British physiologists, but, in addition, he has showed the successful 
application of purely scientific knowledge to the advancement of the art of surgery; 
and in suggesting a method by which life may bo saved and suffering mitigated, he 
has earned the gratitudo of humanity. 


lurouTAXTK of Invfrtigations on tuk Physiological Action 
of Active Substances. 

There is another field of physiological research which promises to confer great 
practical benefit on the human race I refer to the investigation of tho physio¬ 
logical action of active substances, which may lead us not omy to the discovery of 
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important therapeutic agents, but to a knowledge of the relation which exists 
between tho chemical Constitution of a substance and its physiological effects 
Already a considerable amount of w ork of this kind has been accomplished The 
physiological action of the various anaesthetics (such as cliloroform, chloral, alcohol, 
Jfcc ), of narcotics (such as morphia, nareeino, narcotine, codeine, and many others), 
and of alkaloids ^such as strychnine, brucine, nicotine, atropine, hy'osey amine, physo- 
stigmme, muscanuo, veiatnue, aconitine, digitabne, santonme, ergolino, and quinine) 
has been carefully studied The celebrated lcscftreh of lhrofessor Crum Brown 
and Dr Thomas It Fraser, upon the physiological action of the methyl-, amyl-, and 
othy l-substitution compounds of certain alkaloid^, in which they showed that a 
change in chemical composition was attended by a change in physiological action, 
opened up a now held of discovery. Tho investigations of Dr B W Richardson 
on the action of homologous series of alcohols and ethers, and the observations 
made by Bndessor Dewar and myself on the action of tho clnnohne and pyndine 
senes ot biu-es, and their substitution compounds, all tended to illustrate the same 
general truth Nor must 1 torget to mention an interesting senes of investigations 
made by Professor tJamgce, of Manchester, and his pupils, communicated to our 
Soction aud at the present mooting, on the action of \ arums compounds of the 
rare metal vanadium, on the action of chromium salK and on the differences 
between tho physiological actions of oitho-, meta-, ana pvro-phosphonc acids. 
Here, again, we had a further illustration of tho important facts that the physio¬ 
logical action of any active substance js affected (1) by the number of atoms in the 
molecule and its compleuty of structure, and (2) by tho degree of stability ot the 
molecule That is to say, the more complex the molecule, the more intense and 
prolonged will its action piobably be , and, on tho other hand, if the mulct ulo ot a 
substance tend readily to break down or split up while circulating in the blood, it 
will act more intensely than if it held fumlv together for ft considerable lime. 
These generalizations are merely tentative \Vo have nut yet suHiuent data to 
entitle ns to term them general laws 

Now no one can glnmo (Her any work on oiganic (hemistry without seeing on 
meiy page the nmnos of subdanuM regarding the physiological action of which we 
know nothing I would net have those investigated in n premw nous manner, 
with tho vague hope of coming upon some!lung now IToie, as elsewhere in 
science, we must be guided so far by tho light cost upon the unknown by former 
discoveries, and by those general laws which have been humiliated by "previous 
investigators Nor is tho mere discovuy of new poisons any thing but a “ sorry 
task,” unless the research lead us to an agent likely to bo of therapeutic value, or 
to the enunciation of an important general principle But former experience 
warrants us in hoping, nay in expecting, that new useful agents will yet be disco¬ 
vered. I need not refer to the practical applications of chloroform and ether, as 
these are too well known to need any eulogy from me, but I may be allowed to 
direct attention to chloral, far^t discovered by Liebig in lH:j2, and known for many 
years merely as the ultimate product of chlorine upon alcohol It was only a few 
yearn ago that Liobreich, of Berlin, pointed out its important physiological action, 
and it is now rocognued as a therapeutic agent of the highest value. Its use, no 
doubt, has often been sadly abused, and people have ofleu trifled with a powerful 
physiological agent even to the loss of their lives , biitTwhen we think of the hours 
of pain which many a weary sufferer has craped by its mo, w f e cannot but regard 
it as a boon to humanity 

llero tho physiologist must go hand in hand with the chemist The chemist in 
Ills laboratory prepares the substances, and builds up new compounds by those 
wonderful synthetic processes which are now the glory of his science, it is then 
the duty of the physiologist to investigate the actions of these By united work, 
who can foretell what may be accomplished P For example, may w r e not hope to 
see the day when such a substance as quinine, or a substance having similar 
therapeutic properties, may be produced artificially, or, may wo not obtain an 
anwsthetic as potent and even less dangerous than those at present employed P 

Nor have we yet investigated tha physiological action of the active principles of 
thousands of plants, many of which may prove to be of great value, Let us 
remember the well-known words of Shakespeare, as Romeo—the love-stricken 
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Romeo—rejoins t » 1 rial Lawn-lice a cell, u when grey-ey d moil trails on tLt 
i ]owning night The old fnai thus soliloquizes — 

* I muHl up-011 this osier cage of ours 
\\ ith bahlul iutd» and precious juiced flowers 

***** 

Mmi) f r many virtues excellent 
None but lor some and jet all different 
C) mu kit is the powerful grace tint lies 
In herbs plants stones and their true qualities 

***** 

Within Iht infant rind of Ibis weak flower 
Pi ison linth residence and medicine jxnver 
1 or ll i n bdi ^ smelt with that i>nrt filters caihpait 
Ucmg tasted Flays all bcuscs with the heart 

/ innto and Juliet Act IT Set tie 1 

I cannot luIp noticing heic m pas ing, that shako^pearo appears to hn\i ctn- 
eeived the notion of the physn 1< gionl antagonisms of drugs, which is generally 
regarded as quite modun, although the piactice of using antidotes ha* been 
fouowed from the eaibest times lhus in tho mt< mew between the Queen and 
Cornelius, the physician, in Cymbehne, she says — 

Having thus far prxjeedod 
(Unless thou thmkst me devilish) is*t not meet 
r J l\at I did Amplify m> judgment in 
Other conchiflu ns? I will try the forces 
Of these thj compounds on such creatures as 
W e count not worth the hanging (but none human) 
lo try the vigour of them and apply 
AllaymenU to their aot and by them gather 
Iheir several virtues and effects —Cymbtlnie Act I Scene 0 

Heiation of PmsioTOCY to Mfpicink 

I may new bo pemnlttd t > Fay a fiwvwrds regrading tho pieetnt pobilion oi 
attitude of physiological sennet I am in tho habit of thinking of ph>M ilogy, not 
< nly os a physical etienct in it>elf, but as having ft dmtt relation to two other 
sciences—medicine and p^ycholcgy Tarrying out this idea, were a sculptoi to 
hnm a grtup, he might lepresent physiology, on tho one hand, dispensing gilts and 
affording assistance to medicine, ana, on tho other, pointing upw ai da to psy ebology as 
the gi eater sister of the three Abandoning metaphor, there can be no doubt physio¬ 
logy is most intimately connected with those sciences hirst of all, with regard to 
medicine (and by this terra of course I mean the wholo art of detecting and cunrg 
dtseaso), tnere arom any problems w hich physiology alone can &oh e The origin of 
disease, the steps of the changes by which organs and tissues become so altered os 
to produce what is called a aisonsed state, tno effects of one diseased organ upon 
others which are healthy, the actions of remedial substances, both in the healthy 
and m the diseased conchtioif} are all phy Biological processes, many of which cannot, 
in the pre«n nt condition of society, be thoroughly investigated "by a practitioner, 
who is often too busy a man to engage m this kina of work Such labour must be 
handed over, to a lmge extont, to a special class of men Ihey must investigate, 
experiment, and work up the subject in the laboratoir—cither the physiological 
laboratory of the univ ersity or school of medicine^ or of the hospital or infirmary— 
as the business of theU lives, and from time to time announce tho results Thope 
results must be checked by past experience, or by a knowledge of cases apposite to 
the point, by the men who come into daily contact with patients, and their verdict,* 
so far as any practical benefit is concerned, must usually be regarded as final 

1 Importance of S\ btkmatic Investigation of Diseases 

In the present state of science, we have not reached that subdivision of labour, 
nor need it be ever absolutely complete Many of the best contributions to physio* 
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logical ond pathological science, during tlie paat twenty uoi- 1 , lun* 1 lxui from 
men busy ju practice. Such buwy men will, no doubt, ulwayw bo found in tlio 
nuk* of the medical profession, and they will contribute so far to ILo advancement 
< 1 medicine , but in the future, much scientific wmk, a Wh of the practical 
treatment of disuse, mud be done by men spcnallv deviled to the luboiatoiv, the 

S athologieol theatie, and the clinical want The origin and piogiuns oftlnsa 
ipoaerd pr< ct whit li t rurc cancer, tubercle, rhcunmti a m, and gout, with all 
their attendant evil*q the discovery of the poisons which produce fe\t*r m its mani¬ 
fold forms, tlie modes of count#*]acting these poi«ou<* so as to arrest th#* progress of 
fever at an curly stage, and the investigation of those diseases which destroy 
thousands of our domestic animals, are nil subjects which nuiHt be investigated 
more systi .lmtitaliy and cm n larger scale than has et been done Such stupendous 
work can p# nicely be h*ft to mdmduul efloit To cany it on requires men, time, 
and money, and the^e can only be supplud b\ tlio aid of governments, m munici¬ 
palities, or by pm ate mumheente Ahendy e\c#Hent work has been dtmj by 
Professor 7 bird on Sanderson and his r# adjulor^, 1» Jlr Jvlein, and by ])r 'Ihudl- 
rum, for the Medical Officer oI tlie I'my Council, and bv l'ioftssor*l{utherfoid, 
Dr. Braid wood, and others, at the instance of (ho HritMi Medical A'-socuitieu , 
but still the amount of aid given is small alongside of what is lavished, for 
example, in w arlike expeninent* Compaied with wdint is needed for the rnanu- 
fnctuie, testing, and equipment of an 80-ton gun, designed to destiny human life 
and property (no doubt on the theoiy that it is for the ultimate welfaio of the 
State to do so), a small sum would be noressarv , but authonties do not yet see the 
vast mipoilance of uiqumcH of this kind, and consequently consider two nr three 
thousand pounds per annum sufficient Wo accept giatefully wlmt help is given , 
but we look for mou* 7 hope to see the day w hen Gov eminent w ill equip and 
thoroughly furnish a bodj of men for the investigation on a laige scale ot the 
genesis of such diseases ns tubeicle or of typhus fever, both of winch kill m (iient 
Britain alone thousand** of people annually, jud as tlie\ have muiI out a ‘Chal¬ 
lenger’ expedition to exploit* tlx# depths of the sea, or have at pitment a mimber of 
biavc men engaged in the attempt to di«eovei the North 1’oJo To dnko at the 
root of one of tiuw* gieut maladies that afUlrt the human rac#*, fetich as cancer, 
tubercle, ox fevei, would coufei an inestimable blessing on humanity, and honoui on 
the Government that proposed and earned out the undeitaking 

KeLAIION of PlIYSlOEOOY lO P»\CHOEOO\. 

As I have said, physiology is intimately connected with psyihnlngy, or of the 
science of the mind , and as this department of phj siologicul w oik has lately been 
my chief dudv, 7 mav bo allowed to leler to it r little moie in detail 
Psychology may be divided into two paits —Inst, all those phenomena which we 
may include under the term mind properly so called, Midi as feeling, volition, and 
intellectual processes, and second, tlio phenomena which are associated with, and 
which indicate the alliance between, mind and matter Eveiy mental act may bo 
rogarded in the present stale of knowledge as having a double n-pect—on the one 
side it Is known to our runecmusness, and on the other sde it is U e loult of a 
number of physical processes ofcumng m the brain 

The Me i hops of IVv< hoi og\. 

In the investigation of mdotal phenomona, two modes of inquiry have been 
lutbeito followed bird, that of introspection and inflection, in vvlucli the inves¬ 
tigator looks within himself for the facts of his excellence , and pecond, that of the 
examination of physiological processes wlucb coincido with seusoiml or mental 
changes. It is evident that the first of these methods, umuiIIv called the subjective, 
is open to the objection that by it a mind attempts to observe its own opeiations, 
and that the proceeding is somewhat analogous to asking a machine to investigate 
its own mechanism Tins objection, urged in other w ords by Comte, Maudsley, 
and others, may be answered by replying that the subjective method does not 
attempt to explain the physiological phenomena concomitant with mental states, 
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but the laws which regulate these mental states themselves Suppose a compli¬ 
cated machine possessed consciousness, I can readily understand that by the 
exercise of this consciousness it might be unable to discover the relation and 
mechanism of its own parts, because m attempting to do so the machmary would 
be so interfered with as to prevent normal action, but it might still be able to 
study the products < f its operations I do not, therefore, decry tins old method of 
psychological leseaioh as it is s > much the fashion to do in those days Apart 
altogether from the philos tphnal speculatu ns and syst* ms uf philosophy founded 
upon them, I thiuk many data accumulated by such men as Locke, Berkeley, 
David Hume, Ihonias iteid, DugaUl Stewart, Thomas Brown, Sir William 
Hamilton, and James Mill have a* g »od a right to be con*uh ud correct as some 
of the quasi metaphysical conc( pti ns ot nndern phvsical science Subjective 
inquiry earned on bv such men camu t bo gnon. up as a m do ot psychological 
roseaich It may u t cany u^ much fuither than it has done, but it has itndercd 
good service ah< adv an l mav p ssil»l> d^ m ip 

But, on the < the i hiu 1 the bjtctivo mtth d apptars to mo t > be tlieone which, 
in future, will be principally cultivated, and it is i u this reason tliat, as a phy lulo- 
gist, I wish especially to icfcr to it 

It is the business of phy lol >gy to supply psvchoh gy with mf umali >u regarding 
physical processes occumng in the nervous sy»t< m , and it is one of the special 
features of the phjsnl gy ol the prosuit day to direct attention ti the physical 
side of mental phenoiue ia \o doubt Austolh , llobbes and Harthy incorporated 
into their psyclu 1 gital tlu ms much that was punly phjsid gual, but in then 
days the plijsi logy tf the nmous systtm was in a ciudu state, and, consequently, 
did not lead to gnat result* fn comparatively rectnt turn s, a now inductive and 
experimental dopaitment <f ecu nee ha* anstn, the nature of which is indicated 
by the toim physiological psychol gy and which is being dihg* ntly cultivated by 
numerous workers, both at h >mo and ubioal fn our r vvn i mntry the vyntuigs 
and resiarcln s of Herbert Sptncei, 4le\andu Bam, Dr La>cu< k, Oe >rge Henry 
Lewes, Dr Maudsley, Dr Lai neuter, Allied Ban at t, and Janies bully, and on the 
continent th we t lichntr, Ilelnilultz, Wundt, Iltruiann LoUt, lame, Bonders, 
Plateau, and J)albo( f, have excited much interest, and have led to the f< imation of 
a now sc hool of thought 

I think it right ti mention heie specially the name of Piofcssor Laycock, who 
has done moic m my opim in in this fh Id of inquny than any other member of the 
medical pr tessitn of this c mntry in our time llxs teaching has largely contri¬ 
buted to our present humane methods of treating the insane he has atDacted year 
by year some f the best student* of the Umveisity of Ldinburgh to this important 
department of medical practice, and his earlier writings mcontestibly show that 
many ytars agjo, and pn >r to nust of the writings of those great men whoso 
names I have just enuim rated, he not only rt cognized the value of physiological 
research with legard to nuntal phenomua, but made impoitant contributions 
himself 

Physiology has thus encit ft( hed on psychology, and is attempting to supply from 
the objective side an i vplanntion of at least tho wmplei mental phenomena As a 
proof of awakened interest ui this department, one of tlie ft atuies of the past year 
has boon the appearance of ‘Mind/ a quartoilyjournal of psychology, edited by 
my able fnend Professor Croom Robertson of University College In the pro¬ 
spectus of this journal it w stated that u psychology, while drawing its fundamental 
data from subjective consciousnt^ss, will bo understood in the widest sense, as 
covering all related lines of objective inquiry Due prominence will be given to the 
physiological investigation of nervo-structure ' This quotation indicates the view 
which the editor takes of the relation of the two sciences, and already valuable 
papers have appeared on subjects connected with physiological psychology, from 
the pens of Sully, Lewes, \\ uudt, and others 

Now a certain class of thinkers are alarmed by work of this kind They are 
afraid of the tendency “ to represent the mental fact as a physical fact/' and they 
are inclined to shut their eyes to the physical facts connected, undoubtedly. With 
psychological processes, and to be contented with the study of subjective pneno- 
mena But as most admit that there ore two aspects in which mental phenomena 
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may bo viewed, v\ hy should not both be looked at carefully if it be also 
admitted that it is impossible to connect any physical process (supposing we know 
it) occurring in brain-cells with an act of consciousness, what is the use of taking 
a one-sided \iow of the phenomena in question f hy not study both aides of the 
pioblem, and give up the attempt at reconciliation, which is entirely beyond the 
palo of our lacultiesi' fins myntery of mind and matter has puzzled thoughtful 
men from the eailitst times Some lia\o attempted a reconciliation Ihoy have 
icasonod m a aide, so that mo**t people, aftir perusing their works, are no nearer 
an ultimate solutim than they vuie at the beginning Wo always ccrno back to 
tins Mew of the tost*, naimly. that c\eiy fact (f ininti has two aspects, a physio¬ 
logical and a p^v h jhgical I hat is one way of looking at the pri blem, and it is 
the one winch in the pi orient state cf knowledge pemnally I pi eft i Hut thuo 
n anoth* r 11ms, as has bi on well argued by Air tuoige Ilonry Lewes m Ins 
icccut woik, i Fri blcms ef Life and Mind, two very dilieient debCnptions may be 
gnon of one aid the same mental activity 1 he ono may bo expicssed m the 
lauguago oi p^yeh 1 gy whieii is the language we commonly use t) desciibe our 
feelings, the ulliei may he stated in the language (f physic Logy, a language intel¬ 
ligible only ti those acquainted with the pri sent state of physioh gital research 
He saya, u All that wt have t > guaid against is the tendency to mistake difference 
(f aspul for diflmnco 1 piou s an 1 to supp so that changes in feeling can exist 
independently f changes m the iganisiu, (i that any change in the tigamsm can 
bo effected olluiwisc than hy s me |iivi us cliai n e 1 Ins way f stating the 
quostion may be moio satisfaf U ly to some minds At all ev tuts it is a fan attempt 
to solve the piuzlo cf our picst nt state of existence, in whieh wo aie constantly 
brought face to face with the antitln is ( f t bje ct and subjt ct 

Abandoning those spoculati >ns, w I ich arc fruitless in \ metical iffc ct* lot me now 
endeavour veiy bnefly to indicat the lines if inquiry in the d main ot physiology 
along whieh progrt s H has boon and may be mode in the attempt t) solve psycho¬ 
logical phem mena , and I wisli it to be understood that I do not Uki these m any 
logical ordir, but inertly adduce tin m by wav «f dlustrati m It will also be rov 
aim not ro much tv dismbo what has been done m the jftst, as to indicate what 
remains to bo done in the futui t 

lii RKARdt ix rmNioiOGicAr rN^cuoxorv 

Tust of all, tin n, it is quite evident that all lescaiches on the gomral physiology 
of the gnat none contros are ot pm amount lmnoitance bucb n scan Ins as those 
of Hitzjg, lntseh, and lemer on the excitability if the cerebral hemispheres, 
supplying new ideas jegardmg the mechanism if the brain as a compound oigan , 
of Wundt on centiul innervation and consciousness, in which lie di&cnsses in a 
manner never bi fore altera] ted the phenomena of reflex excitation , of ilhain 
Starling on the summation oi excitations m reflex mechanisms, of varinw I reach 
\ hysiologists on the in ale of action of ganglia in Insecta, and of many others, are 
all recent impoitaut contributions to tins di partment ol sen nee lfore h iwevar, 
we have to confess that we havo little accuiate informatun ugarding the minute 
structure of the parts involved, and consequently no anatomical basis on which to 
found our views We have a gone ml idea of stionds of ni rve-tibies and groups of 
nerve-cilht of varu us foims, but we have no precise knowledge of the lelative 
quantity of these, or < f the relati m of om gri up of neive-cella ti another group 
We are unacquamti d with any peculiarity in struetme, for example, by which even 
an accomplished histologist could identify throe microscopical sections os respec¬ 
tively portions of the brain of a man, oi a monkey, and of a sheep All this has 
still to be woik out Lvory little mea of brain-matter has to be surveyed and 
carefully described Supposing this wore d me in tho case of tbo human brain, and 
of the biains of the highor animals, the same must bo attempted with the brains 
of animals lowei m the sc&lt I can then conceive a grand collection of facts 
which may throw light on the intimate working of different kinds of bnuns, and, 
perhaps, afford a rational explanation of certain simple psychological characters 
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.SLUULSThJ) InVKSHU mo\ 

What I mean m*i\ pmbnp* b° V iter undei "tood bv a io-i*nrf li whuli I would 
ggi*hl b\ \va\ of expinment No one who has kopt an aviaw of small biuL - 
a collection of oui native and foreign finches—can nave failed toob^eivo m.nlad 
difierenees of clmifu ter and hnbitfl muon# diffident membois of the same geuiH, and 
men among difleronl uu inbcis of the same npet ies One manifests omnung, anoLhei 
( uiubfttiyeiiess, a third kindness to smaller bietlnen, a fomtb bullied all about Inin, 
a iiflli may iminllv be quiet and peaceable, but occasionally give* way to uncon- 
ttollable rage, and so oil Ybo question arises, then, Have tlu“o p^viliologu al 
pOLulianties any organic bnsi*, any explanation m the structure of the brain f oi, 
Aic wo to rest satisfied by asserting that these peculiarities arc due to the action 
of some bind of psychical principle regarding which we Know nothing Y I have 
little doubt most will agiee that these psychn al chaiactenstics of buds dept*nd on 
]>eeulianties of brnm-sti uctiuo the result of hcicditaiy transmission through iiwm 
generations If so, here we ha\o an opportunity of examining the rmcioscapitnl 
structure of small brains, relatively simple, and easy of manipulation, with the view 
of ascertaining whether or not there are any Ptiuctuml differences whit h may ac¬ 
count for these differences in psychical character Tins is a line of lnqiuiy likelv, 
in my opinion, to establish an oiganic basis for a comparative psychology. 


ItFC'FNl IU.B1 ATlCIITS ON 11115 CHEMISTRY OF T1IK BRAIN. 

But m studying the physiology of the hram as an organ of mind (and the ^aue* 
holds good with regard to the other gi eat non e-centres) we must not forget that, 
in addition to mere structure, two othni factors tune to be taKen into notice These 
are, first, the c hnmical constitution of the brain itself, and, second, the amount of 
chemical jnteuhange tliat goes on between it and the blood There are so many 
exceptions to the general rule, that mzo of biam and numbei of convolutions nio 
propoitional to the degree of mental power, as to lender it highly piobable that to 
account foi these exceptions we must assume diifoiem.es of minute atmrtuie, 
differences of chemical constitution,and differences of cheini< nl mteichange between 
blood and brain That is to sav, we may hav e two brains equal in size and in number 
of convolutions belonging to two individuals vciy unequal m mental capacity Tins 
may bo ac< minted for either by supposing that the minute structure of a convolu¬ 
tion of the one may be more intricate than that of the other, or the one brain may 
bo ncher in ceitam complicated chemical compound*, the splitting up of which into 
simpler bodies is necessary in processes of thought; or, finally, the activity of che¬ 
mical interchanges between the blood and the brain may bo much more rapid in 
the one than m the other. All tins, however, must lemain a matter of conjecture 
until we know mme of tho chemistry of the biam than we at present do l have 
therefore hailed with satisfaction the appearance of an elaboiate pappi by Dr. 
Thudieum, entitled, “ Researches on the Chemical Constitution nf the Biam,” in 
a recent volume of ‘ Reports of tho Medical Officer of the lb ivy Council ami Local 
Government Board > It is impossible to give heie a detailed account of 3hm labo¬ 
rious inquiry, in which Hr. Thudieum and his assistant, Mr, C T Kmgzett, lmve 
analyzed the brains of oxen, lequmng no fewer than a thousand of these in tho 
undertaking. The lesult, geneially sneaking, has been the discovery of seventeen 
compounds, for the first time detected as ingredients m biain-matter, and man 
appendix, Dr Thudieum gnes a list of no fewm than eighty-two substances which 
have boon detected, bv himself and other chemists, m the binin. Kvcn admitting, 
wbnt is higlilv probable, that many of these are products of the decomposition of a 
few more complex substances, still w r e obtain from a mere inspection of this hbt 
some idea of the intricate chemical nature of this part of our bodies. 

Various striking thoughts are put forth by Dr Thudieum at the end of his paper, 
a few of which I may be allowed to refer to with the view of show ing how chemical 
considerations may assist us in our conceptions of the working of the nervous sys¬ 
tem* He says, “ During these proceedings the first striking fact which meets the 
inquirer is, that nerve-matter contains abundance of water. This, in con junction 
with the peculiar manner in which the water is oontaiued, engenders a rooVhty of 
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uHumitn particles within certain limits of movement. It also gives penetrability 
by hqmd diffusion, while excluding porosity and its capillary effects, by whicn 
moans a ready nutrition by diffusion in one direction, and ready cleansing from the 
effete crystallizable products of life in another are assured Consequently the brain 
as a w hole m essentially made up of colloid matter, and may be compared to a 
colloid septum, oil tho one side of which is arterial hood and cerebio-spinal fluid of 
the ventricles, on the other side, however, is cerebro-spinal fluid of tho aiachnoideul 
space and \enous blood It follows from this that the large amount of water pre¬ 
sent in tho brain is not there, so to say, mechanically only, like water in a sponge, 
and capable of being pressed out mechanically^ but is chemically combined as colloid 
hydration Mater, or, better, Mater of colloidAtioii ” 

Dr. Thudicum divides a lmge amount of the matter occurring in the brain into 
three groups, m? pbosphonzod bodies, consisting of caibon, oxygen, hydrogen, 
nitrogen, and noli in pnosphoms, nitrogenized bodies, containing only carbon, 
oxygen, hydrogen, mtiogen, and no phosphorus; and, third, oxygenized bodies, 
formed of carbon, hydrogen, and oxygen alone The phosphorized bodies ho 
divides mto thieo subgroups, termed kephalmes, myehnes, and lecitlnnes Each 
of these has rertain definite chemical characteristics, which he summarizes as 
follows —-“Tho kephahnes possess tho tendency to be oxydized, oxydizabihty , tho 
myelinen are not easdy changed by any agent or mfluenco, and poasoss therefore 
stability , the let llhinea easily fall to pieces, they art' afflicted with lability ” 

lie then points out the rcmaikable tendency of the phoapliomed bodies to Com¬ 
bine with other substances, showing a diversity of afluntiea “not possessed by any 
othei class of chemical com pounds in nature at piesent known M lie shows that 
these affinities are influenced by the amount of water present, and by lire mass of 
the substance or reagent presented to the brain-matter, so that the interchange “of 
affinities may produce a perfectly incalculable number of states of the phosphomed, 
and consequently of bram-matter This power of answering to any qualitative and 
quantitative chemical mfluenco by tcciprucal quality or quantity we ma> term the 
state of labile <quiUbtwm , it foiodiadous on the chemical outside the remarkable 
pioporties which nerve-matter exhibits in regard of its vital functions M 

All of these remarks by Dr Thudieum point to a field of research w Inch will not 
bo explored for many a year to come. Jiut there can be little doubt that when tho 
chemical stutics of the brain have been accurately ascertained, we will be in a 
position to etudv the chemical interchanges between tho blood and tho nervoua 
tissue Should tho skill of our pin Biological chemists succeed in unmvelhng these, 
then we will be in a position to understand at least two difierent sets of phenomena. 
These are—(1) the chemical changes winch undoubtedly take place during the 
occurrence of mental phenomena, and (2) the exact nature of the action of such 
substances ns alcohol, narcotics, and tho various alkaloids which are known to act 
on the nervous system. I need scarcely add that accurate knowledge regarding 
the physiological action of these substances would probably bo of great service in 
the treatment of disease. 

IiFsr*noirF<i ox Skvaoiu Impressions. 

In the second place, researches into the physiology of tho semes aflbrd another 
senes of data for the physiologist These researches may bo said to bo of three 
kinds—(I) inquiries into tho anatomical and physiological mechanism of the sense- 
organ itself, such as, in the case of vision, the general structure of the eye 
as an optical Instrument and its movements by tho action of muscles, so 
as to secure the conditions of momxiular or binocular visiun, (2) inquiries 
into the nature of tho specific action of tho external Rtimulus upon tho 
terminal organ of sense, and the transmission of tho effect to tho brain—os, for 
example, the action of light on the retina, and transmission along the optic 
nerve, and (.3) experiments in which various stimuli arc permitted to act under 
certain conditions on tho terminalappaifttus, and the result is obsorv ed and recorded 
by tho consciousness of the experimentalist himself, aa in researches on colour, 
duration of impressions on the retina, positive and negative, after images, See, By 
these three modes of inquiry a large number of facts relating chiefly to the senses 
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of hearing and vision have been collected ; and moat of these facts, inasmuch as 
they assist him in understanding the condition* of sensory impressions and sensa¬ 
tional effecta ; are of importance to the psychologist. 


MEABimnMFNT or Time in Sensoby IxrpnT'SRioNs 

The next step of importance made by physiology into tho domains of psychology 
is the measurement of time or duration m sensational effects* This nas been 
carefully measured by objective methods Speaking generally, the time occupied 
from tho commencement of the action of the stimulus to the termination of a 
sensation may be divided into four portions, each of winch has a certain psycholo¬ 
gical interest —First, an interval of time is occupied by the pi unary physical change 
produced by the stimulus. During this interval, called the period of latent stimu¬ 
lation. no effect is obseived Thus, when a motor rime distributed to a muscle is 
stimulated by a alunt electrical shock, about 1-GOtU uf a second passes before the 
muscle contracts Hecond, when the change in the nerve or terminal organ has 
begun, a second interval of time is occupied m the transmission of the impression 
to the nerve-centre, which w succeeded oy a third interval, during which change* 
occur in tho nerve-centre, and the result of which is a sensation Tho time occu¬ 
pied in transmission, or the rate of conductivity in nerve, is tolerably well known, 
Doing at the rate of about 200 feet per second in the nem a of men , but tho time 
occupied in the production of tho sensation in the centre lias not yet been cleaily 
ascertained, owing to tho difllculty of supposing such a sensory nerve-centre to be, 
previous to tho stimulus, in a state of absolute inaction Lastly, it has boon found 
that when a nervous action of any kind has been initiated by a stimulus, it goes on 
for some time after the stimulus has ceased to art This prolongation of the sen- 
•ation may be well studied in the caw of lrnpreaunns on tho eye, where the time of 
tho duration of the implosion 1ms been measured by Helmholtz, Plateau, and 
others These distinguished observers also found that the length of time occupied 
by tho after-effect varied according to the intensity of tho light Thus after a 
weak light, the unchanged impression lasts longer than with a strong light. A 
strong lUmmnation is follows! by an after impression fading sooner than with a 
fooble stimulus—tho result being that, bo far as the retina is concerned, it comes to 
tho same thing whether an intense light acta for & bnof time, or a faint light for a 
longer tjme 

Exhavstion of Nebve on Se^sohy OnoAif. 


This lino of research has also made it possible to measure the time required for 
exhausting a nerve or sensory organ. When, for instance, a limited area of the 
retina has been stimulated for a certain time, and the stimulus has been removed, 
tho after positive effect, duo to increased excitation of the putts, disappears, and is 
followed by a negative effect, due to temporary diminution of the sensibility of the 
parts, in the form of what is called the negative after-image Suppose, for ex¬ 
ample, an area of the retina be acted upon for a period of from five to ten seconds, 
an a the stimulus bo then removed, the so-called nositivo after-image vanishes 
qiuckly, and the negative .after-image, frequently at a complemontaiy colour to 
that of the exciting cause, appear?, and lasts for a short time, gradually fading 
away as the nervous parts recover from the effects of the stimulus. Similar pheno¬ 
mena may bo observed in studying the durations of sensations of tone, which I 
have frequently perceived m experiment* mado by myself; but it is more difficult 
to identify, by "description and designation, the after-effects in the case of audition 
than in the case of vision. Probably it may be found still more difficult to notice 
these after sensations in tho other senses, although in all there is.often the experi¬ 
ence of a lingering feeling after the cause ha* been removed, which no doubt ha* 
its place in those transient sensations which assist in tilling up the spaces, as it 
were, in our conscious life, 

If experiments upon a sensory organ, such ns tho retina, a little consideration 

* In the following observation* I am much indebted to the essay* of Mr. James Sully, 
contained in hi* volume, 1 Sensation and Intuition' (London, 1874). 
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will show that it is almost impossible to ascertain the effect of a stimulus upon a 
retina which has never before been affected. ThiB difficulty boa boen felt by all 
experimenters, Molecular action in such a structure has been in operation from 
tlie very beginning, and such action, if of sufficient intensity, must produce a cer¬ 
tain eftect oil the conducting-tract and on the recipient centre. This effect, although 
of too weak intensity to produce those changes which result in conscioimnesM, must 
be taken into account in the measurement of the intensity ami duration of sensory 
impressions. Thus the eye has a light of its own due to changes in the retina, 
although this may nover be conscious to us as a luminous impression This con 
ception of the state of matters hi a terminal organ such as the letnwj when applied 
to actions going on in the brain, at once indicates that similar a<tions, or rather 
that similar states of unrest, of change, variation, and mollification, are going on in 
these deeper parts which may never result in consciousness, ]>er w, but which nltrv- 
gother may have an Influence on our mental existence comparable to that of the 
feeble impressions constantly tiansnntted to the corobnuii from the viscera, some¬ 
times termed the internal senses 


IIelation between Strength of Sensation and Magmti de of 

Hi muLUB. 

Haying shown that sensory impressions are distinctly related to time, the next 
advance inode by physiologists was to prove that then* was a relation between the 
strength of the sensation and the mngmtudo of the stimulus Here there are 
difficulties in explaining what is meant, because language fails, \\ eha\o no worda 
to discriminate ideas which hitherto have related to two distinct fields of know¬ 
ledge—the objecti\e and the subjecti\e. To speak of the strength or magnitude 
of a sensation seems to be using terms applicable only m another region, and quite 
inapplicable to psychological phenomena, although no one has anv doubt in distin¬ 
guishing the intensity or magnitude of one pain fiom that of another There is no 
difficulty m understanding the phrase-magnitude of the stimulus A weight of ten 
pounds is greater than that of one pound, light from ton candles of equal size is moro 
than that given out by one, and the tones of a violin of equal pitch and quality 
may vary m intensity according to the pressure of the bow on the string. It fa 
difficult, however, to obtain an absolute measurement of variations in sensation, 
which is, of course, a subjectne phenomenon This can only be done by varying 
the objective cau u e, by observing a large number of instances, and by t xpressing 
variations in the subjective phenomenon in terms applied to variations in the ob¬ 
jective cause If the average result obtained from a large number of instances 
indicates any ratio botween the mngmtudo of the stimulus and tbo subjective phe¬ 
nomenon, then we may conclude that there is a relation between the two 

This nude of inquiry, first originated bv Professor E. H Weber, in liis cele¬ 
brated experiments on tactile impressions (and which were first introduced to 
notice in this country by Professor Allen Thomson), was afterwards earned out by 
his colleague Professor Foehner, and has been subsequent!) elaborated by Professor 
Wundt. It has led to various romaikable results, the chief of which are (1) 
that in the case of each sense there is an upper and a lower limit, beyond which 
the amount of stimulus produces no appreciable difference of effect; and (2) that 
within thfa range thoro is a definite ratio between the stimulus and the amount of 
the sensation The upper limit bevond w hich an increase of external stimulation 
is not followed by any observable increase in sensational effect was first observed 
by Professor Wundt.' The lower limit has been noted by many observers, and it is 
indicated in almost every physiological text-book. Now it does not matter much 
to us, in taking a general viow of tilings, w hat tbo limits me, provided w o are sure 
that such limits exist, inasmuch ns it indicates another olement of proof that psycho¬ 
logical phenomena, so far as sensation is concerned, occur within certain physical 
limit*. 

FjcCUNBR* 6 iNVRflTiaVriONS. 

The next step naturally was to establish the ratio between the magnitude of the 
stimulus and the magnitude of the sensation. To do this directly U impossible* as 
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any estimation of the amount of sensational effect following a givon stimulus would 
probably be erroneous, because our perceptions are usually qualitatn e and only 
rarely, and never absolutely, quantitative, Fechner recognized this fact, and ho 
employed for the solution of the problem various methods by which he measured 
not sensations thom*ehei, but the amount of di-fcnmmativ e sensibility between two 
sensation* produced bv stimuli of unequal magnitude*, and ho studied the ratio 
between the difference* of weight and tin* absolute quantity of tho stimulation. By 
varying tho amount of the stimulus in e\or\ possible wav, he eliminate* tho chances 
of error, and aime 1 at definite results These results lie formulated into a general 
“psychophysical law,” which may be expressed in various way*. Mathematically 
it maybe put, that “sensation increases in proportion to the logarithm of the 
Htnniim*.” Now “logarithms increase m equal degree* when the numbers so in¬ 
crease that tho increment ha* always the same ratio to the magnitude of the num¬ 
ber.” ft may bo put in another way by sa\mg that “ the more intense a sensation 
the greater must bo the added or diminished force of stimulation in order that this 
sensation undergo an appreciable change of intensity ” Tho niodo of amviug at 
some of Fechner's result* may be better understood by an experiment winch any 
one can repeat. In tho case of muscular sensation, suppose two weights, \ and B * 
wo wish to asceitain the least difference between tho*o peiceptiblo by the muscular 
sense, say when we lift them in tho hand Lot it be so arranged thut both weights 
are composed of different piece*, so that the one may bo made loss or more than 
the other at pleasure If A and B he nearly equal in absolute weight, tho person 
on whom the experiment is made will fudge them to bo of equal weight Let 
weights be now added to "ft until the difference between A and ft becomes porcep- 
tible, nnd a* a ted, let the weights be again removed fiom B until, in sensational 
ettect, A becomes again equal to B. Let the same experiment be repeated with 
weights of different absolute amount, and it will be found that there is a distinct 
ratio between the absolute weight and the weight that had to be added to it or 
taken from it to piodiiLe the lent peiceptiblo difference of impression, whatever 
the-^e weights may be, up t) the limits, of course, winch I hn\o already noticed. It 
will always be found that the additional or subtiactad weight is one third that of 
tho absolute weight,—a fraction which indicate* the degree of intensity of the 
stimulus reqiuied to produce the least perceptible feeling ul difference of sensation, 
and which mn\ bo termed tin* “ constant p) op or t tonal f ’ of that kind of sensation. 
This fi action, in the case of sensibility to temperature, Fechner found to bo one 
tlnrd , Rontz, Wolf, and Volkmann armed at tho same fraction with regard to 
auditory impressions, and \arums observers ha\e found that in visual impressions 
it is one hundredth. 

Now tho intensity of sensation depends on two conditions —(1) the intensity of 
the excitation , and (J) the degree of excitability of the sensory organ at the mo¬ 
ment of excitatiou But suppose the excitability of the organ eaual on two occa¬ 
sions, the intensity of the sensation does not increase proportionately to the increase 
of tho excitation That is to say, suppose we bring into a dark chamber ft lumi¬ 
nous body such as a candle—it produces a certain luminous sensation, then intro¬ 
duce a second, third, and fuurtli—tho excitation is double, triple, or quadruple, but 
experiment shows that the increase iu the amount of the sensation i* much less ; 
m otheia words, lot tho stimulus increase from 10 to 100 times, and from 100 to 
1000 times, the sensation will bo only one, two, and three time* stronger. Tho 
importance of tho discovery of this remarkable law is, that it shows ft distinct 
mathematical relationship between stimulation and sensation. Possibly it may be 
found to ha\e applications to other psychological phenomena. Alay it not vary in 
different animals, aud even in different individuals r 

(’nrricrsM of Ffcjivlii’h Mkthop. 

It is quite noticeable, however, that, in the case of each sense, the law did not 
hold goixl throughout the whole range of variations in intonsity of stimulus ; and 
it I* not surpri ung, when wo consider tho complexity of tho c mditions. that such 
should be tno case. All of theso experiments wore made in the case or v lsual im¬ 
passions, for example, on tho living eye, connected by the optic nerve with the 
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brain $ and it h manifestly impossible, as has been remarked by Hermann, u to 
localize this relationship between sensational effect and variation m amount of 
stimulus, which has been called the psycho-physical law of Feclmer. , ' , Between 
the sensational effect and the first contact of the stun ulus there arc a senes of 
complicated process occurring in retina, nerve, and brain, processes undergoing 
incc^uuit modification by tho interchanges between these tissues and the warm 
circulating blood. In which of these does this relation between stimulus And con¬ 
scious state ocelli—in ictma, m optic nerve, or m brain Y The only method of an¬ 
swering this question, so far as I know, is to examine the effects of stimulation 
upon these parts separately. It is manifestly next to impossible to do this in the 
case of the optic nerve and the brain; but by the method pursued by Holmgren m 
Sweden, nud by Professor Dewar and in) M‘lf in this country, it can be done, so far 
as the retina is concerned In tiiri ying out tins method, Professor Dewar and I 
found that light prtjdneed a change m the electiioal condition of the retina iu an 
eye removed from the head or kept in normal conditions, and we ascertained that 
the general phenomena of this change corresponded with our sensational experi¬ 
ences of luminous impressions We were therefore entitled to assume that the 
change in the electucal conditions of tho ictma, produced by the action of light, 
might be legarded ns a phenomenon intimately related to those changes iu the 
bram which re<ult in consciousness of a luminous impression Consequently we 
had an oppoilunity of ascertaining whether or not Fecnner’s law agreed with the 
effects of a stimulus of light in altering tho ele< tucal condition of the retina, and we 
found that it did no The inference, therefore, is that the relation between degree 
or variation in stimulus and tho corresponding pulsation of a luminous impression 
is a function of the sense-organ or retina 


Moor of i\rrsrn. vtino thk Sk\bortv Oua vn itui i.v 

l may here remark that this mode of inquiring into sensory impressions has by 
&o means boon exlmustisi Tlio subjective method of observing sensational effect 
under tho stimulus of light, from revolving disks, b) the contrasting of colours, by 
comparison of auditory sensations produced by tones of different intensity, pitch, 
and uuahty, is always open to the charge that the lemlts mnv not bo due to specific 
histological structure of the scme-organ, as ih almost invariably assumed, but to the 
structure of the recipient of impressions from the sense-organ, namely the bram The 
only way of proving that the eflectsare due to structural pec uluintins of the senso-orgau 
H to examine llio effects of stimuli applied to tho sense-organ separated from the brain 
by some method the same as or analogous to ours. If in these cncumstances tho 
sense-organ gives remits similar to those observed in the phenomena of conscious¬ 
ness, then we may assume that these results are due to specific peculiarities of tho 
sense-organ, and not to the brain. If, on the other hand, the results do not agree, 
then we must look in tho bram for the mechanism by which these different re¬ 
sults are produced. Thus I have always held that, as there is little or no histolo¬ 
gical evidence of complexity of structuie in tile retina capable of accounting for the 
theory of Thomas Young regarding the perception of colours, or of the facts of 
colour-blindness, or of the sensibility of different zones of the retina to lights of 
different colours, we may have to look to the complex structure of the corpora 
quadrigemino, cerebellum, or some poition of the cerebral hemispheres for an ex¬ 
planation of these facts It may be objected that such scepticism simply removes 
the difficulty a little further back; but I think it better to search for facta than to 
be content with an hypothesis, 


CoNf’l.l MOV, 

Time will not permit me to discuss other ratoaicluM in this field of inauiry, nor 
the Interesting speculations which have sprung from them, hut 1 think I nave said 
enough to show the line of advance in this diiection. 

True it is that apparently the physiological causation of many mental phenomena 
may be, in its preciso nature, inaccessible to direct proof, but it is our duty as 
physiologists to push legitimate research as for as it will go. I would remark also 
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that pudi ru tfiirt hcs wo not incompatible with those spiritual ideas, matters of 
faith ami not of science, which are the basis of our most cherished hopes They 
demand, however, caution in the scrutiny of facta, and judgment in drawing con¬ 
tusions from them More than m any other kind of scientific labour, perhaps, it 
U of the utmortt importance here to ltenp the mind unbiassed—a task by ho means 
easy. To maintain a calm unprejudiced attitude to inquiries which seem to demand 
a change of opinion regarding wnat was supposed to be final, requires an efiort 
which varies in different puisons. Some find it comparatively enwy to do so, while 
others succeed only after a severe struggle Still it is the state of mind which a 
man true to science ought to aspire to, ho that while he will not be blown about 
by every wind of dootune, he may bo ready to accept what is apparently true when 
he han had it cleaily put before him 

In conclusion, let mo observe that it would mrvo not a htilo heart-burning, and 
might possibly jomove acrimony fnun \ annus scientific and social controversies, 
ciuld we only lemeinbcr that it n not very piobable that wo, m tlm nmoteonth 
century, have armed at the final solution of many piobleim which have puzzled 
wise men from the earliest tunes, Probably we have got nearer the truth ; but it 
in presumptuous to suppose that we have reached the ultimate truth Many hypo¬ 
theses much in favour at present may turn out to be inadequate Hull if they 
serve as stepping-stones to something better, and to more rational conceptions of 
the mysterious phenomena ftlnmt us, they will have done gond sen vice. In the 
mean time it is our duty vigorously to piosocute losearch in all departments, push¬ 
ing ahead fearlessly and with that enthusiasm which is the prime mover in all 
great deeds, so that wo may bo able to transmit our depaitment of knowledge to 
posterity not only less burdened wutli error, but with many additions of truth 


Botany and Zoo loot. 

[For Professor Newton’s Address, see page 119 ] 

Notes on the Pandanece of the Mascarene and Seychelles Islands . 

By I. Bvyt.ey BuvFotjr, Sc.D. 

The genua Pnntlanus (screw-pine) was shown to have a general distribution 
throughout the tropica of the Old World, nnd to reach its western limit on the east 
coast of Africa. It is very abundantly represented in the islands of the Indian 
Ocean, and more especially m the Moscareno and Seychelles Islands* 

Altogether 19 species aro definitely known from these islands, and it is possible 
that more may exwt Of these species Mauritius includes 11, which are all 
endemic; Reunion has 3 peculiar species, and perhaps a fourth one may be recog¬ 
nized , in Itodnguez only two species, both endemic, are found; whilst the Set* 
chelles group possesses three such species. In addition to thoso which are endemic, 
a Madagascar species, P ttitlts , is generally cultivated for the sake of its leaves, Ana 
P. odoratummw, of Kastern origin, is also found. 

The difficulties in the way of the diagnosis of species were pointed out from the 
scantiness and imperfection of the material as yet sent to this country. The leares 
afford very littlo character, and it w from tho fruit that specific distinctions are 
mainly obtained Hitherto the stigmas have uffordod the chief characters; but the 
author showed that many important diagnostic marks might be obtained from the 
endocarp and its relations to the mesocarp. 


On the Evolution of Sex in the Vegetable Kingdom. By 0. 8* BoriOEB, 

This paper was an attempt to illustrate Mr. Herbert Spencer’s law of increasing 
heterogeneity by the various sexual processes in the vegetable kingdom. Mention 
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having bnen mmlo of the probably asexual ProtophytA, Thwaitea 1 identification of 
conjugation with reproduction pruptr, made in 1848, was mentioned, and a sum¬ 
mary jgi\en of the sexual classification of the Thallophvtea proposed by Sacha 
(Lehrlmch. 4th edition) and adopted by Professor Dyer (Quail Jmtrn Micr Sen), 
in which they are grouped as IVotopfy la, Zygospore©, Oospore©, and Carposporc®, 
The types Pando/’tna, J/cioriijwa, opt/oyyru, and Pwloythcna were taken ns indi¬ 
cating sexual transition between these gioups, and Sul hi dwnption of the essential 
nature and elements of sexual reproduction quoted. The diflerenco between the 
sexes*as manifested previous to tlio formation of the elemental 'sperm’ and 'germ’ 
colls was then traced m tho various gioups, being greater and manifested earlier m 
the more highly organized groups 

Qulogonutm, Vauthena, Phyconn/res t Colfochccte, and Xemalton were alluded to 
iu this connexion, nnd following tho pedigree sketched by Sachs (Lehrbuch, 3rd 
edition) tho 'scH’ondiiiy sexual organs ' w*eie traced through tho 1'londeflB to the 
ancestral Curmonhyto and to the * heteroMporous JTcwdoph> ta,’ near to which lie 
places tho Oyrade©, tho lowest type of Plisnoropiiu The homology betwoen the 
sexual organs of Flmnorogams mid Ciyptogams was pointed out, and Hildebrand’s 
claesliicfttion of the sexual arrangements explained 

In this connexion the tenus ‘ aptitilloruiis’ (open-flowcrcd) in opposition to 
' r leistogGuous/ 'approximate,’ and ‘ distant,' with anthers near to or remote from 
the stigma, and ‘homost)lm,’ were proposal by the author for adoption It 
was then attempted to base tho phylogenetic niiangemcnt of sexual forms (the 
chief subject of tlio p.iprr) on the liw <f economy of nutution, the ndvan- 
tageoumess of fross-feitih/ution producing dneusin and x annus intermediate 
stages ironi nu original licrninphroditisin Ihrccism was tu^t traced through 
mcmoccism and monoecious polygamy, Pi ay at w, Punic i , and a rex orting sport of 
Jlcqonm fnquht being quo'ed Tho durnsm of the English holly has probably 
been reached fiom dime 1 mis polygamy, us in tho Anieiican forms, through an inter¬ 
mediate mouoociem , and the ntnnoBciously or tuccciously polygamous genus 
evtum points to tho ongin of tho latter foim iiom tho fmmor piobnbly through an 
intermediate dioecious polygamy Direi ism may possibly arise alio from dimor- 

S lusm, which may bo monoecious, as in Dianthuscatyophyllus nnd D plurnartus, or 
heciouB, as in sonio Primulas 

Dimorphism probably oiignmtes in 'bi^eiiato’ Btamens, tumorphism in 'tn- 
sernto but tho dioecious dimorphism nf Lytfhum thyisifolta would seem to arise 
from tnau ious trimorpbism by suppiosaion Among the Composite tho transitions 
are easy from tho ' equal poly gamy ’ of Linnrcus, through ' superfluous polygamy/ 
to * fmstroneous ’ on tho one hand and ‘ necessary ’on tlio other, from cither of which 
mo nee cieni and dicccism may arise, as in Cardnus arvmsis, PetasiteS, and Ant enn aria. 
The variety, Increasing complexity, and homology of tho sexual arrangements, the 
abundant links, and tho nbhoirence of the sexual union of nearly related cells are 
the theme of tho whole paper 


Two Monitrosities tf/Hntricariu inodora. 

By Professor AtKXAVDEit Diefcsott, MJX 

1st. Whore the floicta of tho capitulum wore replaced by stalked secondary 
capitula, some of winch were in turn agum similarly compound" That tho secondary 
capitula really resulted horn transformed llorets was interestingly shown by the 
presence on tho stalk of many qf the outer secondary capitula of a ligulate corolla 
with its base embracing the axis 

2nd. \\ here manv of tho florets of the ray presented a narrow ligulate lip directed 
inwards, these internal lips comm mg more or lea? our iLo ccntial disk. At fimt 
sight this anomaly seemed to simulate the condition in Comport© Labiatifloiw ; 
but id far os Dr Dicksons examinations as yet went, it would appear that tto 
mailer lip was placed laterally to the normal lino of non-union of the ligulat* 
corolla, and therefore was not a mesial stiucturo compressed to tho inner lip of the 
floret in Labiatiflorre. 


14 * 
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Lattciferovs Canals in Fruit of Limnocharis Plumiori. 

By Professor Vletaader Dickson, M.D. 

Dr Dickson showed that unusually largo laticiferous canals could easily be 
demonstrated shining through tho epideums of the flat suifaocs by which the 
numerous carpels are in opposition to each other. 


On the OiCinivnci hi h eland of Nupliar intermedium, Ledeh , 

By A. G lhn\\FL#. 9 MRJA. 

While staging with *.ome ft tends at Crombvn, in We«l Meath, I noticed on the 
borders of n small shallow lake, on peaty ground, some water-hh leaves which at 
onoe drew attention from the *mnll mi/o ot tiieir leases aud especially with thoir 
basal lobo^ standing npait 01 wuhlv apart My triend Mr Preston Battersby, of 
tho Koval Artillen, mod kindh instituted a close scaieli, and succeeded at last in 
finding one blossom, lrom whuli, together with tho leave*, 1 have been enabled to 
identity tho plant ch Naphta wto tiuthmn, Ledeb , \ni (5 tsjHumenanum^ of Hart¬ 
man's 10th edition of the‘Hftndbok i Skandinaviens Flora 1 (Stockholm, 1870), 
vol. i. p 86 . 

Our plant is also, I presume, identical with Dr S 3 mo’s so-called variety minor ’ 1 
of Nuphar luteum , but the stigma of the single flower gathered has 15 rays. Shll 
the characters of the leaf bring it rather nearer to v ar. Spettnei tamtm than the typical 
form of Ledcbour's N. uitci medmm. 


A. (I. Hour, F.L.N., exhibited Zosleru nana flora Carnarvonshire. 


Professor W. It. M‘N\n, M D., exhibited Choreoelwlax poly si phonic, lleinsch. 


Notes on the Stnuture of the Leaf m different Species of Abies. 
By Prof AV K. JDNvn, M.D. 


On Circinnate T\r nation of Sphenoptens nfflnis from the earliest stays to 
completion , and on the discovery of Htaphyloptoris, a Genus netu to British 
Rocks. By C. AA T . Peach, A L.S. 

The author stated that he had found Sphenoptcns affim* in black shale at West 
Calder, near Edinburgh, in circinnatc vernation from its earliest state to tho com¬ 
pletion of the plant, and thus had an opportunity of seeing this beautiful fern in 
all its various stages of grow tb, showing tho many 'variations it assumes and from 
which, when so found, no doubt several species have been made. 

It is rather plentiful at West Calder, Slateford, Burdie House, Burnt Island, And 
other places around Edinburgh , he, howevor, had not found it in circinnate verna¬ 
tion in any other locality than the first mentioned 

He next exhibited and described specimens of Staph yhptenx, also from West 
Calder, and said the plant was a new genus to British rocks j that ho had met with 
it first sparingly in M74, and in the present year in some abundanco then 1 , 
♦'Specialty iu one slab. It is something like Sluphyloptcris Worthem of Leo 
Lesquereux, figured in vol. iv. of the Geological Survey of Illinois, from “ tho shale 
of the embconglumerate coal of Arkansasit, howevor, differed from that species, 
first, in not showing like a star around a central point, in having no sporanges; 
and the flower-liko parts instead of only u apparently reMiny o»/’ are actually attached 
in pairs, hanging m a drooping mannei, to small hi audios As well as the 
one mentioned, he strongly suspected that he lias another species from the same 
locality. Several species havo been found in the rocks of Arkansas j all, however, 
differ from tho British one. 

The author expressed his obligations to Mr. It. Etheridge, jun., for first calling 
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hie attention to the American work, and to Prof. Balfour for hid kiud notice in the 
* Transactions of the Botanical Society of Edinburgh,’vol am part j pago 170, both 
proposing that it should " bear tho name of tlie tinder ” He thought it right to 
state that whoiev er he hmml Htaphylopln m } tho Sphcnoph) i s affmi* more or less 
accompanied it, however, tho lnttei was most often found without Sfaphyloptvrxs. 
Ah well ns at West Calder, bfapftt/foptrni 1ms bet n found ut Slatefoid b> the Officers 
of the Geological Surun and by Mr D J Blown at Stiaition, all near Edinburgh, 
and all in the Calciferom Sniidstmio ncries 
A large scries of Split nopta is and StaphytopU m were exhibited b\ the author 
with drawings for illustration 


On some of the Phifsiohigtial and Motphtdogual Features sroi tn the Plants 
of the Coal-Mea*nns, Jhf Professor AV, C. AVillivmhox, Fli.S 

Proceeding fiom the stmting point of the fuels loconhd m tho communication 
made to the Gcologn.nl Section *, the authoi biought baton* the Biological Section 
eome morphological fact 5 * lie showi d that i veil in voung twigs of Ltpulodendron 
tho bark consiBted of tlneo ui\ distinct lajer*, vi/ —an inmu paunchyma, a 
middle prosenehvma of 001 x 1 dr ruble propoitioimte thickne-H, and an outer paren¬ 
chyma of which the leaves wi ic expansions The innermost ptntiou, tho inner 
parenchyma, certainly n presents a plane of genetic activity, along winch tho 
multiplying cells add new Inyeis ot vessels to tho extenor of the vamulnr e) Under 
on its inner auifaco, as it appaierdl) nnioa^'s ns the numbu of paiencbjuiatouH 
cells in the opposite diuctions Externally to tins pmenchvma is the prosenchy- 
nift tons la) er, into which tho inner parent luma pixsen somewhat giadually, but 
which outwardly becomes a modified mat* of prosenthynmlous fibre, composed of 
very long and narrow^ prismatic cells At the liist giant« this Inter looks like a 
phellem oi corky 1ft) er, but itn ongin is a different one. Its genetic plane is at its 
outer surface, instead of occupying the position of tho phcllogen of living barks 
Tho cells at this point become elongated radially into long fusiform ones, which Boon 
become subdivided by a regular senes of vertical cell-walls, all ot which me parallel 
to oath other and to the external nurfaee of the stem Subsequently vach one of 
these parallel cells becomes irregularly subdivided into a cluster of cells, the 
partitions of whuh are vertical to tho pnmar> senes In this manner, apparently, 
additions arc made on the inner wide to (heproseiich>maloushxer, and on the outer 
one to tho subepideimal pareneh)inn It thus becomes evident that the bark of 
each of tho Lepidodeudroid stems po^es^t* two parallel planes of genetic activity. 

It is obvious that Calamilts certaml) possesses tho innermost of these genetic 
planes; and os tho author's mborcsoent specimen exhibits no indication that the 
second or prosenchymatous layer has been increased from within, it becomes more 
than probable that when jet more peifect specimens are discovered tho second or 
outer genetic plane will be found to be identical in all respects with w'hat is seen 
in the Lepxdoaendra 

The author concluded by calling attention to the fact that amongst a large number 
of the coal plants their most specialized and (haractenstic t)pe features wore best 
seen in their young state, the advance from youth to maturity being one from specia¬ 
lized to generalized torms, the result of which was, that tho author found it almost 
impossible to identify detached fragments of wood or bark, and hence he regarded 
all attempts to establish genera and species upon such fragments ns absurd. 


On Qigantic Land-Tortoises and a Freshwater Species from the Maltese 
Caverns, with observations on their Fossil Fauna. By A. Leith Ajuiu, 
F.B.S., Professor of Zoology, Boyal College of Science, Dublin. 

The author exhibited and made a few observations on bones of gigantic tortoises 
collected by Admiral Spratt and himself in the Maltese Caverns. 

During the five years he was engaged in exploring the rock-cavities of Malta, 

* Suprh, p, 08. 
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among other fossil remains, ho discovered several fragments of bones of gigantic* 
Chelonmns, ono of which rivalled in dimensions any of the recent or extinct species 
hitherto reported from the Maacareno and Galapagos Islands The remains were - 
found in conjunction with bones and teeth of the dwarf elephants and gigantic 
dormice; and whilst remains of the Proboscidians and Rodents were extremely 
abundant in certain rock-cavities he examined, and the Chclomans were also well 
represented, it was a noteworthy fact that no traces of large Carnnora were met 
with This absence of the older, excepting the tooth of a small Cams. he supposed 
accounted for the presence of the largo helpless tortoises, as obtained also in the 
Galfipugos and urene Islands 

The largest ol the Clielonians mailed in dimensions the Tedmlo (Uphantopns 
and Testudo rphtppuon , and showed some affinities with the latter, but was generally 
distinguishable from any recorded species from these islands bv a marked robustness 
of the bones, on which octouut ho proposes to name it Teattuh* iobuda A smaller 
species, distinguishable tdso, moi phologu alh, from the pitieding, he proposes to 
name after Admiral Spiatt, whilst a few bones of a small freshwater tortoise were 
indistinguishable from the same paits of the Luttemys nuopern, which is still not 
uncommon in tho south of Jlurope and in certain islands of the Meditonanean 

The author was inclined to believe that the Maltese-cavei u fauna belonged to a 
late Pliocene rather than a Plmstot i ne peiiod, such as that exhibited by the Sicilian 
caverns, to wit, tho Oaves of Paleimo, and that, although the Hippopotamus Pent- 
lattdt and smaller forms are both repiespntod m Malta, Sicilv, and Crete, the absence 
of traces of the dwarf elephants ana gigantic dormouse in the two latter situations, 
and the presence of the Ihjtmn ct acuta, Elephas antiquus % and large Fihdco in Sicily, 
seem to poiut to faunas of two different < pochs Indeed, in the cose of the Maltese 
deposits, it would appear, in some instances at all events, thul the animal remains 
of the fissures had Ken denied from older beds which were broken up dunng the 
submergence of the ar< a. Hut as the Maltese rocks were Miocene and tlio upper¬ 
most had been supposed to indicate the presence of Pliocene fmertebrata, it was 
clear that tho red soil and clay w hick formed the nuitux m which tho above animal 
remains were found, in tho rock lents, could not be moio ancient than a later 
Pliocene. 

lie strongly advocated further exploiations of the islands of the Mediterranean 
in quest of fossil roraains, and slated that thero was still much to be done in Malta. 


On the Arenaceous Fommiivfera collided in the 'Yaloious ' Erneditior 
By Dr W 1) Caiu*lnteb, (\B , FIt S. 


Further Researches on the NetvoJS System of Antcdon rosaocus (Comatula 
rosacea, Lamh.) By Dr W li Caki'LiNJIK, C B. } Fdt.S. 


Remarks on the Anatomy of the Arms of the Ct molds. 
By P. Hekbfbt Carpenter, B.A. 


On Delphinus albirostris. By D. J, Cuxningiiam, M.D. 


Experiments on the Fot mat ion and Growth of Artificial Silica Oells. 
By Prof. Ferdinand Cohn. 


Spontaneous Evolution and the Germ Theory , By N Carmichael, 3/./). 
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The Biological Remit* of a Cruise in If.M.S* * Valorous ’ to Davis Strait %n 
187^. By J. Gwyn Jeffhbvs, LL.D,, FR.S. 

* A preliminary Report on this subject was prosented to the Royal Society, and 
has been published in their ( Proceedings,' vol xxv p 177. The author gave an 
account of the voyage (winch was undertaken by him in consequence of an applica¬ 
tion made by the Council of the Society to the Admiralty) and of the biological 
results, more especially with respect to geogr iphical distribution and geology The 
author treated of the Mollugca, and ProfWsois Allnmn and Duncan, Dr M'lntnah, 
the Rev A M Norman, Dr Parpen ter, and Pi ofossor Dickie contributed notices 
of other departments of the maimo fauna nnd floia 


A Double DiLmum in Dai iviiunn, By tho ltcv 1<\ 0 Morbis. 


Notes on Oceana Deposits and then* Oi igui, frtstd on Obsa cations made oil 
board II M,S, ‘ Challenge! 1 By Jonv Murray 


On the new Va^% in the llunteuan Museum By Prof J. Young, M.D, 


AnaTOAU AM) PuisrOUOGA. 

[For Dr M'KondncVt* lddrem, see page 120 J 

On the Development of the Ft uto- Vertebra* ui Elasmoh minks. 

By F M UtLFoi n, B A , Fdloiv of Trinity College, Candn ulge. 

The mi'ftohlast in Elaamobiani ha aiisea as two mdt pendent plates, eat h of which 
becomes divided into two layers, a Moumtic aud a splanchnic In the dorsal part 
of each plate a aeries of tiaubverse slits aa isos, whn h bmos to distinguish a dorsal or 
vertebral portion of the plate from a ventral or punetnl. A cavity is next formed 
beLween the two la) ers of the plate, whedi is continued quite to the summit of tho 
vertebral part Still later the segmented vert obi id pint ol each plate, with iU en¬ 
closed cavity, become-* separated from the parietal part and forms tho muscle-plates. 
Each ot these is a somewhat rectanguki bvid), burned of two lavers, enclosing 
between them part ol the original body-iav ilj Tho inner of the^c two lavers soon 
buds off cells to form tho uidmients of tho vertebral bodies, and itself is trans¬ 
formed into longitudinal muscles, tho outer la\er of tho muscle-plato becomes con¬ 
verted into muscles at a conaidciably latoi period 


On the Changes in the Circulation which are in luced when the Blood is expelled 
from the Limbs by Esmarch's Method By If (i. Brookk, BA (Lond.\ 
ami E O Horwoon, BA, (Ovon ). 

The authors staled that the object of tho expenmt nta woh to observe the pulse 
during and idler tho expulsion of blood fiom the limbs Healthy voung men were 
experimented on, and the e\p6nment-e were made one or two hours after a light 
meal. The pulse was counted with the aid of a vvaLh, and its form recorded by 
means of the sphyginograph. The person experimented on was stripped and recum¬ 
bent Normal pulse-rate and pphygmographic movements wore recorded, and 
afterwards one leg was bandaged from below upwards. During bandaging, pulse- 
rate was observed, and immediately bandaging was complete further spuygjuo- 
graphio tracings wero taken. This whs reposted with the other leg. After & short 
time both bandages were suddenly lot go, and at the same instant pulse-rate a&d 
sphygmogTftphic movements were again recorded. 
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As the result of thoir obeervutious, lie authors state that— 

1, During bandaging of the first lower limb, tho pulse-rate increases, and after¬ 
wards (generally after a Aery short interval) falls to about the normal. • 

2 . During bandaging of the second lowei limb, the pulse again quickens its pace, 
returning almost to tno normal, but sometimes remaining n few beats above tho 
normal, 

f), When both bftndnges nro suddenly let go, thoie is at once a marked 
acceleration of pulse-rate, but of bnef duration 

The authors point out the f hungt s which bandaging ami unbaiidnging must have 
upon the disposition of the blood in the circulating sWom Thus, on bandaging, 
the arterial blood is dmeu from the limbs bandaged into the ai tonal system of the 
trunk, head and neck, and uppei extremities, i aiding the piessure all ov er tlie sy stem 
while the venous blood, together with the lymph, are aUo dmeu into tho lest of 
the body fiom tho computed lnnb^, bul me onl\ able to nth it the piutsuie m tho 
trunk, head, and neck, being excluded by \nhcs from the uppei evtiomities 
Hence the general venous pressure will have a relatively huger increase than tho 
general artenal pressiuc 

Again, on unbandaging, tho aitcnal blood rushes down the lowei lniihs to fill 
the previously obliterated vet-scls, thus diminishing tho gcuuial piessuio of tho 
arterial system, while no such udlux of the venous blood is possible on account of 
the interposed vah ea of the veins lie uce, wlulo tho ailenal piessure is diminished 
suddenly, tho venous remains, l’oi the moment, as it was, that is to say, Ihe gencud 
venous pressure will expencnce a relatively less diminution than tho general 
artenal prrssuie 

Now, comparing tho conditions on bandaging and unbnndaging, it will be seen 
that, tn both cases, the ulatnc ihjfcielite mimalhi existing between m total and icnous 
jyremoes on the tno sides of theheait ts diminished, on bandaging by approximating 
the venous to the niteiial pie<sme, on unbandaging by approximating the artenal 
to tho venous pressure May wo not, the authors suggest, seek in tins coincidence 
of conditions an explanation of the somewhat unexpected similarity of effect on 
bandaging the lower limbs and on loosing the bandages P 

In the course of the discussion which followed, Professor Kronecker, of Jxdpng, 
policed out that tho addition of a largo quantity of lymph to the bloou on 
bandaging, by altering the composition of tho blood, might well be supposed to 
affect the heart's rate, since the heart is now known to bo very sensitne to qualita¬ 
tive changes in the fluids bathing it. 


On the Morphology and Histology of the Nei vous System of Antedon rosaceus 
(Comatula rosacea, Lamlc .). By Dr. W. B. Carpenter, C.B., F,R t S. 


On a Hypothesis of the perception of Articulate Speech . By Dr. Cassells, 


On the Morphological Relations of the Lower End of the Humerus. 

By Professor Clkland, M,D., FJt.S. 

In this communication it was pointed out that the torsion of tho humerus spoken 
of by more than one writer has no existence in nature, and that the limb is deve¬ 
loped m its morphological position. While the radius is morphologically anterior 
to the ulna, the anterior, posterior, external, and internal aspects of the humerus 
have morphological relations exactly corresponding with those names, so that the 
flattening of the lower end of the humerus is not a commencement of the expansion 
which results in two bones in the forearm. The radius docs not belong to the outer 
side of tho humerus, nor the ulna to the inner side; but the radius is in front of 
the humerus, the ulna behind it, and the limb is in its morphological position when 
the forearm is in semipronation. 
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On a If ijdt ocfj'tludic Sl'ull, and on the Duplicity of the Tt\npo%*td Ridge. 
By Prof, CixiANn, F RjS. 


On the Spinal Xe* row> Syntt m of the Cetacut By 1) J. Cinmac-imm, 3/2)., 
Senioi D< nionstrator of Anatomy, Edinbaujh Umvasity 

At the outset of my mvestimations into the miatoniy of tlio spinal nervous system 
of the Cetacea, I endeavouied to discover whether any anatomist hnd described the 
anaiigcment of tlupo nerves This amis no casv matttr, to little had bct*n written 
on the subject II Tiapp (‘Die (Vtaeouu/StuUgai t, ]H37) states tlmt,‘‘vvitli respect 
to the coihso of the spinal ner\oa (of the Cetacea} theie are no researches,” and 
StanmiiB (‘ Jjohrbuch del A crglcichemlen Anatomic/ Zweitcn Tht’il, 1843, n SO?)) 
simply mentions that ‘‘in the Dolphin a neiAO-trmik picaceds out of the lumbar 
plexus, the bronchos of ninth are intended for the uiuschs of the rudimentary 
pelvis, and fur the external genital uipans and tin n muscles, ns well ns for tlio 
region of Iho nnus ” Indeed it amis not until I had finished mv investigation that 
I discovered that Swan, in tlio “ Table of Contents ” or Tntrmluction to bis work 
upon the ‘Comparative Anatomy «i the Ninons S>«tom/ published m 1835, 
gives admit net ount of thowhofe lchuus ^qli'in of the porpoise I believe, 
nowcv or, that besides extending hn account \ei} maternity, I am able to give 
additional results, and I have taken nnc to havo nil my dissections illustrated by 
drawings, whilst he, Avith hie wealth of plates of the nervous b^stem of other*ani¬ 
mals, does not give one of the non ous svstem of the Cetacea 

I may mention tlmt the follow mg results arc derived from the dissection of four 
members of the Cetacean gioup, vi/ three poipoiscs and one dolphin* 

Spinal Void— The spinal cord is surrounded and Mipported on nil sides by the 
dense rete nnrabile, which mav be looked upon as pci funning a threefold function 
(L) it constitutes a soft pliable packing material, by means of which tho cord ia 
protected from shocks, (J) it maintains a uniform waimth aiound tins important 
and delicate ncivoits o litre bj keeping it constantly bathed, ns it wore, in warm 
arterial blood, (3) and lastly, is Piofessor Turner has pointed out ^Trails ltoy. 
Soc Edinb vol w\i p 21!D, it subdivides the aitonal stienm, and equAlizse its 
force befoie it lenchos tho brain and spinal coni 

In the porpoise tho spinal coid extends from the margin of tho foiameu magnum 
to a point couesponding to tho interval between tho (ith and 7th lumbo-caudal 
vortouuc, and opponite to tho foramina ol exit of the 27th pair of spinal nones It 
presents two enlargements—one in the conical, nml tlio other in the lumbar region. 
The former of thesu is connected with the nerves w Inch go to form tho cervical and 
brachial plexuses, and tho latter with the nerves which supply the genital organa 
and the muscular apparatus of the tail. Itetwem thcbO enlargements the cord is 
of uniform diameter, and the lumbar swelling tapers away in a iusiform manner 
into the filuin temnnale 

Roots of the Spinal Nei us —Tho dnectum and length of the nerve-roots and the 
me and position of the ganglia vary in tho different regions of tho spine 

The nerve-roots which proceed fiotn tho cervical and lumbar enlargements of 
the cord are closely crowded together, whilst m the dorsal legion they are placed 
at considerable intervals from each other. Those arising from the lumbar swelling 
nro very long, tortuous, or curly, lootcl> bound togethei bv lax connective tissue, 
and they constitute tho cauda eqmnn. They puss dhectlj backwards to reach 
their respective foramina of exit. Tho dorsal and cervical nerve-roots are much 
shorter, and tho former arc directed outwards and backwards, whilst the latter, 
with the exception of the first three which pass directly outwards, take ft course 
outwards and Forwards. 

In all the regions the euperior nerve-roots are smallei than the inferior—thus 
constituting a marked contrast to most mammals, in which the reverse of this 
arrangement holds good. Nowhere, however, is this difference in size so marked 
as in xhe cauda equina, in the last non es of which the superior root is half the sue 

* A >oung specimen of V . albirottns {nde l?roo. Zool, Soo. 1876, p* 679). 
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of the inferior, and m some places so delic ito that when shipped of the loose con¬ 
nective tissue which surrounds it, it resembles (in the pirpoiae) u fane thread or 
hair From this fwt wo inmt not con<Ju le that sentioncy is dull in the Cetacea, 
for as the nmmal tapirs towards the tail the amount of skin to be supplied with 
sentient fibres is smill in comp main to tin bugo muscular ma^sis to he supplied 
with motor filaments In the cu vie d, dorsal, and upper lumbar \o h \ nis wlure tho 
cutaneous surface is ( vt* nsivt the biipoii r nots attain a sue onlj slightly smaller 
than tho inferior roots 

8/nnal Nerves —In the lumbo caudal n p i m of tin vu tibial column of a porpoise 
or other cotocean, tho inti iveitebral f)rimina coirespond to the intervals between 
the laminro of contiguous vutibie, and consiquentl) boon a highti horizontal 
plane than tho transverse process! s As we appioach the dorsal n p ion, howevor, 
a rudimentary podiclo begins to show itself, and this becomes mire and more 
marked as we pass on towards tho con 11 d region In the eerviuil and dorsal 
regions, therefore, the inti rvi rtebral foi muna occupy a more \cnti vl plane, bung 
Situated between the pedicles and infill n t) the tiansvfrse piotisscs It follows 
from this that tho lemoval of the grt it < \i ns >r muscle m tho lumb )-cnudal 
region displays the wholo spinal nerve isaiiii g hom the m inal canal, whilst iu tho 
dorsal and cervu al regions it only exposes the supci mr an lsums of tlu so nerves 
passing upwards between tho pedicles 

Cervical Nerves —These ore ught in number, and, owing to tho fusi n or close 
opposition of the vertebia) in this legion, they art closely crowded together Each 
nerve divides into a superior and mfenoi division The superior divisions supply 
the muscle and skin ou the superior aspect of the nock, and arc iu some cases (e g 
dolphin) joined together by communicating brincht s which lie close to the vertebrae 
The first three of tho inferior divisions j mi together, so ns to form a conical plexus, 
whilst the remaining five, together with tho first dorsal n< rve, and in some cases a 
small twig from the seconi doml neno tutor into the formation of the branchial 
plexus The chief branch* -j of the hi mchial plexus are thoio which correspond 
to the musculo-spiral, median, and ulnar nuves in man Hurt is no cncumflex 
nerve 

Dorsal Nenx.$ —Tho superior divisions of thieo neives join to^cthir in a plexi- 
form manner \\ ill-nmiUd c mimumcatmg blanches pass betwtui the various 
superior trunks, and conn ct tlu in with eat h oth< r A longitudinal < ord or plexus 
is consequently formed 1 ho distribution of the mfenoi divisions is sunihu to that 
of the same nerves in other mamm ils 

Dumbo-caudal JSems — Ihe arrangement of the spinal nerves posterior to the 
dorsal region is diffineut fiom that of any other group of mammals (excepting 
perhaps the Sircnia) with whit h I am a< qu unted 1 ho final cause of this is 
obvious, it is an adaptation of tho nervou^ synte u t) suit peculiarities in the 
muscular construction of th* ho animaK Tn othei mammals powerful inferior ex¬ 
tremities aro developed for tho purpose of lounuotun, and const fluently the inferior 
divisions of tho lumb ir and sacral norv t s are lar rt o as compared with tho supenor 
divisions, and they aro thr >wn into plexus* * to supply tho muscles which act upon 
these limbs In the ( etaua, ou the oth* r hand, lowtr limbs are absent so for as 
locomotion is concerned The tail is tho git it organ of progression, and the muscles 
which work it are developed equally above and twlow tho transverse processes of 
the vertebral column In consequence of thin, the supcrioi divisions of tho spinal 
nerves have as important a pait to play in the supply of tho muscles of tho chief 
organ of locomotion as the mfmor, seeing that it rails to them to give branches to 
tho extensor muscles, whilst the hitter have as their office tho supply of the flexor 
muscles The result of this is, that the superior and inferior divisions of tho 
lumbo-caudal nerves in the Cetacea aro very nearly of equal sue To insure the 
proper nervous supply of the four great mum nlar masses which work the tail, twp 
great lonintudmal cords or tiunks are forint d by tho spinal nerves on each side of 
ihe vertebral column—one supenor and toimul by the junction of the various 
fupenor divisions, and the uthor inferior, and formed by the union of tho inferior 
^visions The first of these commences towards tho middle of the dorsal region, 
but even w the cervical region a tendency to a similar arrangement is exhibited. 
The inferior longitudinal ©ord begins further back, at a point corresponding to the 
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eleventh lumbocaudal vertebra Pi* tenor to this point, therefore, we have arranged 
around the vertebral column four great nervous cords—two of which are superior, 
and situated one on each side of tho vertebral spines, and two infewor, and placed 
one on each sule of the vertebral bodies below the transverse processes They are 
continued back to the tail, and their chief function is to supply the four great 
muscles which act on the tail Sensory filament?, however, are also given to the 
skin 

The first eleven of tho inferior divisions of the lumho-caudal nerves do not entm 
into tho formation of the great interior toid They correspond to the lumbar and 
sacral nerves m man The lai 0 r e mtomal pudic nerve takes origin from tho more 
posterior of these 


Recent additional Oh\ei vattons on th Phijswloif'ual Aitton of Btyht, 
By Prof Dlw vn, F R.8.E. 


On the Action of Vanadium u}»on the futiinsii No vons Mechanism of the 
Frofi f Heart By Prof Au rum Uamgi r, FJt S , and Leopold Lwtxtrru. 

Method of Ihpeumcnt —A fioji’s heart was arranged with an artificial circula¬ 
tion, the blood (t e, rabbit’s scrum) pacing fiom a reservoir of given height through 
the auru le*, lentriele, and bulbils aoitce } itnd being al'owed to tncklo back into the 
reservoir down tho sides of a gloss rod, oh to bo e\i osod in a thin him to the air. 
In the course of this artificial circulation a nn rcurial heemodynamometer was inter¬ 
posed, arranged so as to icoord its mo\emeuts on a blackened cylinder Before 
taking a tracing the outlet of the blood From the enmUting system back into the 
reservoir was obstructed, thus causing tho ineicury in the distal tmmoxnctric limb 
to rise and oscillate Normal Uauugs were first taken, tlieu the norum was 
mixed with a solution of a sodium salt of vanndmm (Nu\O 0 01 Na 4 V/) T , or Na 4 
XQjy and uther trai mgs taken ut uiteivals When the effec t* of vanadium-poison¬ 
ing w'ere well ndvamed the vagus nmo was stimulated m certain cases and the 
effects noted In other casts atromn-pofeomng was induced pnor to mixing tho 
serum with the salt of \aundic ana 

Results of Jhpp) imnitk, —When vanadi^ed serum flow* through a boating frog's 
heart (being present in a proportion of *008 per cent of V/) s ) the force of ventri¬ 
cular systole i* much diminished, the ventricle passes into persistent contraction 
for a time, while tho amides pulsate as usual or somewhat enfeebled If tho pro¬ 
portion of vftnadiuni were twice as large, the veutnelo stops writhing one or two 
minutes in a state oi rigid contraction, in w Inch it continues for n long time, often, 
however, relaxing again before death 

When so contracted, excitatiou of vagus, sufficient to slop tho auricles, has no 
effect on the ventricle 

The previous administration of atropia docs not in tho slightest modify theaboye 
results. 


On the Ihffet aue in the Poisonous Activity of Pkosphoi as ni Ortho- y M*la~, and 
Pyrophosphonc Acids. By Prof. Ainu un Gahoee, F1LJS , Joux Parts! lei , 
and Leopold Laioiuiu, 

In their experiments the authors made use of frogs, rabbits, and dogs, and the 
sodium salts of the phosphorus acids investigated were introduced into the svstem 
either subcutaneously or by venous injection The salts used were trieodic ortho- 
phosphate, tctrasodio pyrophosphate, And sodie metaphosphate, the standard solu- 
tiart* being made to contain tho same amount of phosphorus calculated as P a O r 
A* the result of their experiments the authors state •— 

L That trisodic orthophosphate is physiologically inactive 
2. That sodic metaphosphato is a poisonous substance, but not so poisonous as 
pyrophosphate of aodlum. 
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8 . That tefcrasodic pyrophosphate is a body of (peat poisonous activity, inducing 
death without materially affecting the irritability of voluntarv muscles or of nerves 
It exerts an action on the spinal cord and medulla oblongata not unlike that exer¬ 
ted by sodium salts of vunadic acid On the heart its at tion is similar to that of 
salts of vaimdic acid On general nutrition and on the alimentary canal (when 
any action resulted) the effects were like those of poisoning bv phosphorus, viz 
fatty degeneration of kidneys, muscular tissue of heart and of liver on the one 
hand, and hremoirhagic infarctions and brown patchy congestion of the alimentary 
mucous membranes When introduced into the alimentary canal fatal lesults 
nover followed, this being probably due to rapid elimination. 


On the Action of Ptfi ophosphoru Acid on the Vu dilation. 

By Prof Akiiiub U 4 wile, FR F , Jonv Priestley, and Leopold Iarmuth. 

The authois described experiments on rabbits and frogs m whiih sodium pyro¬ 
phosphate was introduced into the sjstem, chiefly bv xenons injection They dis¬ 
covered in rabbits a twofold change in the oiculation, occurring within 0-25 
seconds after injection of the drug, \ \z (1) a fall m blood-piessuie and (2) a marked 
slowing of pulso-rate, which thev believe they have pioved to be duo to an 
action on the vaso-inotor centre in the medulla oblongata and nn action on the m- 
timsic motor met Imnism. of the heart respectively. 


On the Btani of tin Camda\ By Koulrt Garner, F t L S , F R.C.F. 

Tho author infers, drawing his conclusions fiom the measiucmeuts of the capacity 
and from costs of tho interior of the skulls of different dogs, that the size of tho 
biain does not vciy closely correspond with the si/o of the animal lie is also 
disposed to aiguo for tho deination of our domestic dogs fiom one or more wild 
dogs ; but of the more remote oiigin of the latter ho does not propose to treat. 
From the table it will bo seen that no dog lias so huge a brain as tho wolf, or one 
so small as the jackal, iiom both vvhuh annual* he has been supposed to have been 
domesticated, his brain seems specific in size Though Mr l)arwm has shown 
that tlie largo tame rabbit lias a smaller brain than the wild one, yet we could hardly 
suppose that tin* dog, if he were a domesticated wolf, would have his brain so dimi¬ 
nished, the circumstances of tho two cases differing veiy widely For similar 
reasons, if either the wolf or the jackal must be assigned as tho bouico of the 
domestic dog, perhaps preference must be given to the latter. Little account need 
be taken of the likeness often aeon between thoso different animals, or of the simi¬ 
larity of the cerebral folds, any moie than of the corresponding circumstances in 
the Fchduo. 

Though neither the size of the bram nor tho intelligence of tho dog increase in 
tho exact ratio ol the size of tho body, yet the two former seem to correspond 
better to each other In laige dogs the skull, as a whole, rather than its brain- 
cavity increases, and this foi muscular attachment, size of teeth, &c. But it is not 
easy to advance further and connect the various powers of dogs with any pecu¬ 
liarity of brain oigamzation. In dogs with tine scent, as tho hound, the rhinou- 
cephalou is elongated or enlarged and the whole brain also lengthened, and this 
throws back the three nrebed folds which are situated over the h^uro of Sylvius; 
tho smaller dogs noted for acuteness of smell as well os sagflcity p , as tho temer, 
may have o short but deep llunoncephalonj fuller convolutions, ondlho arched folds 
more upright. A distinct inner and anterior lobule is seen in front of the upper 
transverse buIcub, os well as in the hog, sheep, and horse, but little developed in the 
cat, where smell is lees acute, in the sheep it is covered with pigment like the 
olfactory nerve, and it appears to be the terminus of the inner root of the nerve. 
The abov o description comprises most of what is seen on the surface of the brain, 
and the elongated and simple folds, of which, however, the upper one is bifurcated 
before and behind, somewhat correspond with Mr. Swan's later dissections, obscure 
as is his text ; there Is, however, a superadded tract bordering the longitudinal 
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ftwuro on each side, connected with the inner surface of the hemisphere, and 
bounded in front by the transverse or crucial sulcus, also forming behind an 
occipital portion ljmg under the supmoecipital lamina In these different convo¬ 
lutions there are certainly minor \anahons m different dogs 

When wc see that the brain of the dog is no larger and not more convoluted 
than that of the sheep, wt must infer that he owes his sagacity in a great measure 
to the training and companionship of his master But no doubt he had its germs 
by nature, tog*tin 1 with tine scent, fleetness, watchfulness, and hunting propen¬ 
sities , ho lionet beiarne, ns Cuviei expresses it, ‘ la conquete la plus complete, la 
plus smguhcri et la plus utile quo 1 homme ait fade 

In the lablo several of th( above tacts will be manifest, for instance, tha New¬ 
foundland dig though it waq so sagacious as to rc scue a drowning man at Southport, 
’imd though the weight of its body would have been four or five times ns much as 
that of one of the small tirrius, had its biain onlv about one fifth larger than 
these last 

the capacities of the skulls were asceitamed by measunng tho interiors by 
means of sand, and reducing to tin equivalents of tho natural contents 



Length 

ot 

Skull 

Weight 

Brum 


niche* 

drums 

Sheop-dog 

01 

20* 

Old male Trontham I ox-hound 


2»5 

Setter 

71 

Mi 

Maatift 


Mi 

Rttncver or largo Spaniel 

0 

a«: 

C'olly 

0 

Mi 

White Bull-dog 

0 

24 

Newfoundland 

Mi 

24 

Greyhound 

7 

2JJ 

lox-like Mongiel 

0 

211 

Drover s-dog 

0 

22, 

Young Bull-temer 

5J 

21S 

Smooth Pern* r, female 

4 } 

20 

Rough Tenter 

H 

10} 

Small Spaniel 

U 

]M4 

Lap-dog 


18 

Rough Terrier female 


17 

1 uropenu Wolf 
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Indian Jackal 


1 r>i 

I nglish Tov 


i>i) 

Arctic tov 
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On the Unnho lexeme ness of Flesh Did in Tt epical Clmate* 
Bp CO Groom Nipirb. 


(Jber the Phyeenmricn (Hnlipb) sema tine? Gastrophysema), von Ernst H\Ran&, 

These kleinen Zoophytcu, welche auf dem Meeresgrunde festsitzend lebett, 
gahdren zu den altesten und elnfachsten unter alien Metazoen und stehen in 
erwachsenem Zustoudo unter alien Ihieren der GastnUa-Fomx am nachaten 
Hahphysema iat zuerst von Bowerbank als^eme kleine Spongae, Gostrophysftna 
hingegen (unter dem Namen Squamuhna scojmia) von Garter ala em Rhuoppde 
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beachneben worden Beide Genera Kiis&mmen bilden eino besondere kleine KImss 
von Zoophytea, welehe der Vortragende OaUramden neimt, und welche weder mit 
den Bpongien noch mit den Uydroiden vereimgt werden konnen, da sie die unter- 
Bcheidendeu Clmraktere beiden in sich vereinigen, 

Erne auafuhrliche, von 0 Tafeln begleitete Abhandlung ubei diose Gnsfraeadon 
hat intwischen Professor Haeckel veroffbntluht in der 1 Jonaiselien Zoitschrift fUr 
Naturwissenschafy rol xi Heft i , 20 Marx 1877. Heparat-Abdruck in den *Stu- 
dien 211 r Gastmca-Theoric ’ 


On the Dynamics of the Racud Did tu India By Surgeon-Major Johnston 


On the Action of Ate thof on the ftratn* 

By CfiuuEs Tnoacig ICtno^ht, FC S London and Beilm, 

The question of what becomes of alcohol taken into the system has been exten¬ 
sively studied 

Thudiehum was the fir^t to detejnnno quantitatiycH tho amount of alcohol 
eliminated by the lndnoya from a given quantity nt alcohol r dimmstored, and the 
result which he obtained was siithueiH m llselt to dispiove tho '* elimination " 
theory at that time widely prevailing, 

Dupid and many olliccs continued Ihcvc ro^emhes, fumi which, to use Duprd’a 
own words, we may fairly draw tlnee conclusions ' Prulitioner/ March 1872, 
being abstract of a paper communicated to the Itoyal Society ) — 

(1) Tho amount ot alcohol eliminated per day dor* not increase with the con¬ 
tinuance of the alcoholic diet , tlierefuio all the alcohol consumed daily' must of 
necessity be disposed of daily , ami as it is certainly not eliminated within that 
time, it must be destroyed in the system 

(2) The elimination oi alcohol following the taking of ft dose of alcohol is com¬ 
pleted twenty-four horns after the hud dose of alcohol lniH been taken 

( 3 ) The amount eliminated in both breath and urine is a minute fraction only of 
the amount of alcohol taken 

Now Dr J lVicv in 18 hi published a research on the presence of alcohol in the 
ventricles of tho buun, aud, ludeed, he concluded •* that a kind of affinity existed 
between the alcohol and tho coiebrnl matter ” He further stated that he was able 
to procure a much lftigcr proportion of alcohol liom tho brum than from a greater 
quantity of blood than could possibly bo present within the cranium of the annual 
upon which ho operated. 

Dr Murcet, in a paper read before the British Association in 18C9, detailed 
physiological experiments which bo considered to substantiate the conclusions of 
Percy, inasmuch as they demonstrated that the alcohol acted by means of absorp¬ 
tion on tho nervous renin a 

jjallemand, Perrin, and Durov lmd moreover succeeded previously in extracting 
alcohol from brain-matter in coses of alcoholic poisoning J3ut all these researches 
leave us entirely in the dark ns regaids the true action, if any theio be, of alcohol 
on cerebral nmtteis And no method of mi obligation was possible until the 
chemical constitution of the brain was within our know ledge 

Thudiehum’s recent renew rho* in this direction, together with Bomo more recent 
and published investigations by Thudiehum and tho author, have placed within 
reach new methods of inquiry regarding the action of alcohol on the hroin In my 
research I have attempted this inquiry, by maintaining the brains of oxen at the 
temperaturo of the blood in water or in water containing known amounts of 
alcohol. The extracts thus obtained have been studied in various ways aud sub-* 
mittod to quantitative analysis, while the influences exerted by the yarious fluids 
on tho brains have been likewise studied. These influences extend in fcertam ckses 

r hardening, and to an alteration in the specific gravity' of tho brain-matter. 

Here I shall smiply state in the fewest words my results and the conclusion* to 
winch they lead. 

Water itself has a strong action upon brain-matter (after death), for it is capable 
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of dissolving certain principles from the brain. These principles include cerebrine 
mjelme (U 4 lI^NPOg), and apparently a now phospkonzed prin¬ 
ciple insoluble in strong alcohol, together with that class of substances generally 
loaned extracliyep At tLo same time tho brain swells and attains a smaller 
specific grauly thus m oue case from 1030 it become 1007 It is notable that 
water, however, dissohen no kephaline (C'.JLpNPO,,) from tho brain. 

Alcohol seems to have no more (hemical effect on the brain than water itself, so 
long as its proportion to the total volume ot fluid does not exceed h given extent 
The limit would appear to eviat Homewhcro near ft fluid containing fl/5 n / 0 alcohol 
But if the percentage of alcohol exceeds this amount, then not onlj a larger 
quantity of matter is disaohed lrom the briun, but that matter includes kephalino 
f (J^IL^NFO,,) Sin h alcohol k solutions aUo decrease to about the same extent 
an water the -pecifh gia\Uy of biaiu-substance, but not fitun the same cause, that 
h to sal, not merely bv tho loss of substance aud swelling, but bj tho fixation of 
water Many diilu ultir*^ surround tlie attempt to foffow those ideas mlo life, and 
to comprehend m v\hal way eai h or all these modes of action of water and alcohol 
on the brain may bo influenced In fho other matters present in blood From 
Thudiehum’s rose itches it follows tfi it the brain must be subject to every influence 
affecting the blood , aud it piobnble, on consideration, that what is written above 
regarding the action of watei on the brum is likewise true of an ex.traordinary 
watery serum in life Hut it tin' seium be rich m salt?, those salts, by ft power of 
combination which they have tor the cerebral pnnciples, would preserve the inte¬ 
grity of llio latter On the other hand it is dijih nit to sop how any of the matters 
Known to cunt in the blood could proymit ah uhol, if it were present in sufficient 
amount, mtlier from hurdemug the biain (as it docs after death) or from dissolving 
traces of the principles to be heucotorlh earned away in the circulation. That is 
to say, should physiological leseireh confirm the stated fact that the brain in life 
absorbs alcohol and retains it, it would almost follow of necessity that the alcohol 
would act as I have indicated and produce disei-e, perhaps 14 delirium tremens.” 


On the Poisonous Activity of Vanadium in 0> tho-, Metaand Pyrovanadic 
Acids By Leopold Lvrmutii, 

The author concludes from certain evpeinnents detailed that the toxic intensity 
of orthovanadate of sodium is much loss than that of tho pjro- and meiavanadate# 
of the same base, but that the fundamental modo of action is the same in each. 


On the Action and Founds of the Wait By Dr Patojt. 


Note on the Physiological Action of Vanadium . By John Priestlbt* 

The author described tho methods of experiment and ubsenatlon followed otit 
in a research into the physiological action of vanadium, and concluded by stating 
the general results arrived at, vu *— 

1, That vanadium is a poisonous substance 

2, That the symptoms of poisoning are, in gonenil, similar whatever the method 
of the introduction of the salt into the animal system. 

3. That tho symptoms of poisoning which appeared m one or other of the various 
classes of animals above mentioned am — paralysis of motion , convulsions, local o t 
general; rapidly supervening dromonc^ or imhffbreme to external circumstances; 
congestion of alimentary mucous membrinca , disehmgo of smigmnolont fluid fteeesj 
presence of gliury, fluid mucus in tlio intestines after death; certain changes In 
respiration, and, coincident!?, n fall in temperature; drowsiness and feebleness of 
pulse. In addition, the heait was always irritable after death, consciousness dnd 
sensibility to pain seemed unimpaired, nnd no diminution could be detected la the 
powers of musclo and nerve to rospoud to stimulation. 

4. That tho lethal dose for rabbits lies between 0 18 and 1400 milligr, of 
per kilogr. of rabbit. 
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6. That the special action of vanadium on the function of respiration is to cause 

(o') A stimulation, followed by 

fjb) A depression of loBpnahon, the latter being not continuous; but 
intermittent. 

Both effects aie considered to be duo to an action of the poison upon tho respi¬ 
ratory nervous centre, 

0. That the special action of vanadium on the function of circulation is to cause 

(u) A diminution of blood-pressure, which is not continuous; but inter¬ 
mits during the opeiation of the poison , 

(b) A disappearance of respiration-curvos, 

(c) A diminution and lnoguluuty of pulse, which is also intermittent. 

The results are considered to be duo to an action of the poi«on on the va&o-motor 

centre and on tho intracnuUac nervous mechanism 

7. That, although musics and nerve-trunks speedily die when immersed in even 
dilute solutions of a sodium salt of vanadium, yet vanadium is not rightly to be 
called a muscle- and nerve-poison, since frogs which havo boon poisoned by sub¬ 
cutaneous injection of vanadium still possess nerves and muscles which, in irrita¬ 
bility or in power of doing work, are quite norma! Nevertheless vanadium attacks 
the nervous centics of tho spinal cord aud medulla oblongata. 


Observations on the Physiological fiction of Chromium 
By Jons Puiksitev. 

The author experimented with gumea-pigs, rabbits, and frogSj injecting solutions 
of neutral chromate of sodium (Na/Jr(),) beneath the skm or into the veins. He 
concludes — 

1. That *1 to *3 grm CrO s , in the foira of tlio above-named salt, is a powerful 
poison for rabbits and guinea-pig^. 

2 That dentil is preceded by spasms and violent retching, which commence a 
few minutes after injection of the poison Spasms are succeeded by paralvais of 
motion and, in frogs abolition of reflox action 

3. That the blood-pressure first rises and then falls, the fall continuing until death. 
Further, that after the fall has become marked the pulse suddenly neoomes ab¬ 
normal, stopping for the space of a boat or two at irregular mteivals, which are 
occasionally of considerable length, the pulso becoming regular agtuu dunag the 
intervals The author believes that this irregularity of pulso is due to an action 
on the vagus nervous centre. 

4 That the alimentary mucous membranes aro the seat of evtensive congestion 
and ecchymoses, 

5 That the kidneys become congested 

0 That muscles and nerve trunks and extromitios remain sensibly normal. 


The Termination of the Net ves in the Vestibule and Sr mu ircular Canals of 

Mammals By Uujhkt Pmrcnuu), MB, F.Jl C8., Aural Surgeon to 

King'* College Hospital, Lecturer on Animal Physiology at King's College , 

The author gave the results of his investigations into the structure of tho norvo 
epithelium, as it is called, which contains the terminal distribution of the acoustic 
nerve. 

The membranous labyrinth is composed of three layers—externally some loose 
connective tissue, then a distinct layer of dense connective tissue (the tunica 
propria), and 1} mg on this a single layer of tessellated opithelmw At the acoustic 
spots, where the nerve ib distributed, this membrane is firmly adherent to the 
osseous wall, and the epithelial layer becomes transformed into nerve epithelium. 

In tho saccule and utricle these spot* aie termed the maculro ocusticao, and in 
tho three ampulliB the mstie acusticffi, the latter being rained into a kind of ridge. 
• 77*e «crtr epithelium .—Max >Schultze described this structure as consisting of 
Broe elements—a deep laver of nuclei, a superficial layer of cylindrical cells, and 
between them numerous filiform colls, 
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Odeums and Kollikci a researches ccmhime l these observations, but Masse rives 
ft totally different account of the structure Ilo describes it as consisting of tutor- 
uatmg elongated cells, the one bearing the cilium, tlie uthei isolating the ciliated 
cells, ami resting wiLh a bioad base on tho mombraiiR piopna 

Uudingu somewhat leversos the dusciiptiou of Jlasse, an l stiles that tin 
isolating c 1U aio timngulfti, with thoir bases turned upwaids so a* to lonu th \ 
free bordoi of tin epithelial mass, and doubts the existence ot the deep 1ft)oi < t 
nuclei 

Lbner beheu $ the essential elements to consist of two foims—% RiipeiliLinl layer 
of cylindrical ciliated colls rounded off below, ftnd a deip multiple 1 1 >f r >f lihform 
cells with their filaments passing up between the cylindrical ia 11s 

Lastly, Paul Meyer describes it as made of two parts—a deep lny< i of nuclei, and 
a sunt rhciul one of cylindrical ciliated cella tapering off below 

The author h observations have led him to conclusions whit h, although they mo 
essentially different from those of tho authors just alludfd 1 1 , ut opp*ar to him to 
reconcile t> a great degree thoir various conflicting descriptions 

The appearance of this structure dift rs according to tho position in tht macula 
of the poition examined 

A typical poition, such as may be steu midway betw on tin c<ntiL and ciauui- 
fuouceof tho spot, consists of a fa>ei of alternating elongated c 1U, b rdei d abi \ 
by a distinct cuticulftr membrane, mid eonnocted below with th > e nuclei which 
foim the deep lft)ei described by most authors So that the cillnhu lements may 
be said to consist of two alternating forms oi elongate 1 cells each liming an uppei 
and ft lowoi nucleus The authoi calls the .first the thorn-cell* on nccom t 1 1 th 
shape of then cilium, and the second tho bristle-cells toi a miuil n lensui 

The thoni cells have a fusiform body containing an oval nucleus fu m this body 
passes upwards through the cuticulftr meuibiono a t apt i mg cilium oi Hum tho 
lowor cxtiimity is prolonged downwaids, and a c iun expands to auks. its si col d 
nucleus 

Ihe bustle cells have a triangular body containing an oval mu It us tho ba*t ol 
tlue is intimately connected with tho cuticular membnun, and lr< ui this base 
posses upwards a narrow bnstle-liko cilium, the apex of tins tuaugulai body w 
prolonged downwards and has a second nucleus like its fell vw tliom-eoll 

The cuticular raembrflne is a very thick, well-imuked membrane, holding the 
cellular elements in thoir place, and perforated toi tho passage ot tht (iha This 
membrane is analogous to the membrane loticulaus ot tin oigan t ( oiti, an! 
the author therefore proposes to call it by the stunt name 

Modifications of th( net ve epithelium ■>—As tlieie is a gt uoial increase m thickne^ 
of the macula from circumference to centre, so the cells and thm van ms part*, 
elongate, tho cilia, which are short and stumpy at the edge, bitome vuv much 
longer Mid compelAtively hner at the centre of the acoustic tl Vt the r ircmn- 
ference the cells pass by insensible gradations into the columnar cpitJu h il all* 
which sunound tho wholo macula lowoi ds tho centre tho uppei nucleus and 
surrounding protoplasm of the bnstle c< 11s gradually dimmish and then are lost 
altogether, this part of tho cell being represented by ft trabecula fiom the mom- 
brana reticularis Tho bnstlo-like cilium remains attci tin uppei pi lloplwmuc 
mass has disappeared but eyentuallv this also is lost 

The telmmatton of the nerves m the macula —Tho norve-libus amvmg at tho 
membrana propria lose their white substance, and entei the neivo < pithelium 
without it Alter passing this point there is considei iblo difficult) in lint mg tho 
nerve-filaments, but there is no doubt thut they form a plt\u* ai mud tin dtopei 
layer of nuclear bodies, and that some ot the iilftintnts mn) be tinted du oily oi 
indirectly into the ciliated cells 

The otohth mass —Covering the acoustic spot is a soft mass into winch the alia 
project to a certain distance, Inis is evidently of a cutu ulai uatm un 1 is analogous 
to the membrana tectona of tho cochlea The otoliths are hv^l hv thir* mass, 
being chiefiv contained in its outer poition. 


1870, 


15 



158 


REPOET—1876, 


On a Microscope adapted for showing the Circulation m the Human Subject 
Jhf Dr Urban Pkitcharp 


VhysioUgy of the Nei ions S ij stem of Me his r 
By Ofoiu i 3 Bomvnm U A i D s *$< 

Fundamental Observations —The author has succeeded m demonstrating the pie- 
aence of a nervous system in Medusa), the ganglionic dement of whu h apptarn to 
be localized exclusive ly in the margin oi the swimming-bell 1 or bo found that 
on excising the entire margin of the bell in any specn s ot nuked-iyed M<dusro the 
swimming nmtioiiB of the boll instantly ciRBtu and wcto nevci again resumed, 
while the seven d margin continued its rhvthnncid contiaclions f r days With 
the coveied-oyed Medume tho case is n t quite bo definite, 1 r although the para¬ 
lysis of the boll, which is here likt wiso pioduced by tho operation just described, 
is usually complete fn a tune it is not always permanent, but, after periods 
trying from n few seconds to half an lit ui or moic occasional contractions begin 
to manifest themselves Moreowi, in the case of the covend eyed Modus®, tho 
author found that excision of tho lithocyets alone was attended with the same degree 
of paralyzing effect <_n tho lull as was excision of the entire margin whueaa m 
the cpse of the naked-eyed Midusic such was not the case Histological observa¬ 
tions revealed the presento of gonglu n-celh and ntrve fibres in the litliocyfits 
Natural lthythm — \s lcgnuls tho nalmal rhythm of the MeduB®, it was ob- 
served that its rate has a tendorn y to btnr an invusc ]rop ltion to the bizo of tho 
individual, but that on submitting an mhviduul to artificial segmentation, the 
rate of tho rhythm exhibited bv the van >us segimnts si owed a tendency, other 
things equal, t j vary directly as the size of the tn g mut 

When form^ c f mutihilnn wen, t lactised m w Inch the m ngin of the swimming- 
bell was left intact, it was observed that after a temporaly acceleration the rate of 
the rhythm progressively declined, and became stationaiy at a rate that was slower 
the greater the amount of tissue that had beon removed 1 rom these experiments 
tho author is inclined to infer that the apparently automatic action on the part of 
the marginal ganglia is really of the nature of a reflex—a constant stimulation being 
presumably supplied by those other parts of tho organism the removal of which was 
attended with a retardation of the lhytbm 

Tho rate oi tho rhythm is increased by elevations of temperature as far as 60° F , 
but in still warmer water (70°~M)°) tho rate, after having been tcmpoiaiily quickened, 
becomes permanently slowed Diminution of temperature likewise produces a 
retarding effect on tho rhythm, and eventually (20^) altogether stops it 

Some spoemuns of Aurilta aunta weio frozen solid, so that all their gelatinous 
tissues were pierced thiough in every direction by an innumerable multitude of 
Ice crystals, which had been formed by the freezing, m sttu, oi tho sea-water which 
enters so largely into the composition of theso tissues Yet, on being thawed out, 
the animals recovered, although their original rate of rhythm did not fully return 
Their tissues then presented a ragged appearance, which was due to the disinte¬ 
grating effect produced by tho formation ot the ice crystals 

The rate of the rhvthm is accelerated by oxvtren and retarded by carbonic acid 
Stimulation —All tho contractile tissues of all the Modus® are keenly sensitive 
to all kinds of stimulation When a swimming bell, for instance, is paralyzed by 
excision of its margin, it inv anably responds to ft single stimulus by once perform¬ 
ing that movement which it would have peiformed in response to that stimulus 
had it still been m an unmutilatcd state To mechanical stimulation the sensitive¬ 
ness of the paralyzed bells is wonderfully great—a drop ct sea-water lot fall from 
an mch m height upon tho contractile tissue being sufficient, in Bomo species, to 
elicit a response e contraction In their responses to all kinds of chemical stimuli, 
the excit tie tissues of tho Medusso conform in every respect to the rules which 
aro followed by the nervo-muscular tissues of higher animals Similarly with 
thermal and electrical stimulation Light also acts as a powerful and unfailing 
stimulus in the cnees of some of tho naued-fved Modus® Satma, for instance, 
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almost invariably responds to a single flash by giving uuo or more conti actions 
On removing the margin such responses cease on the part of tlio bell, although they 
continue on the part of tho seven d maigin Hut on lcmowng the ao called u eye 
specks from the margin such responses cease and that theso “eve-specks an 
true visual oigans is further proved by the fact that, while unmutilatcd 'an nee w ill 
tlnong into the path of abeam of light, and even follow tho beam wheicvei it is 
moved through the water, *Sursuw with thin 1 eye specks lemovcd will no longt r 
do b > An\ oho of tlu luminous lays of tho spoctrum acts as a stimulus, hut noL 
so the ilijs which In on uthor side ot the luminous spectrum 

I he pi nod ot latent stimulation was determined in the case o(Au7ihi aunta 
by employing th induction shock It was found to vaiy greatlv, according to tlu 
Umpoiatui > at winch tli tissue was ktpt thus, while in wutci it -0 it was 
\ sec in water at 70° it was J see It was hIno found to vary n icntly under tlu 
mflui nco of so-cidlul summatun ot stimuli 1 hus, while m watei ftt4o° the latent 
period was * sec m tin case of tilt first >1 a ruks of stimuli supplied in legulfli 
succession at two seconds interval it was only £ bcc in tho cose ol the tenth stimulus 
ot tho senes In every such ries of stimuli supplied nl sli it inUivals the latent 
penod becouus progressm ly h hs and loss until it attains its minimum } wlule tho 
stiength < f tho couti a< ti >n becomes pi jgiessiwly n re itei and guater imtil it attains 
its maximum tho intensity ol the Htnnulatun, ot course, ltmainmg constant 
thioughout the sen a It mor< than one minute is all wed to elapse botwci u any 
two successive stimuli of a scm s, this hem licial or n using tfleet t summation no 
longer assoits it elf tho tissui lifts, ns it vuic, f igitlui th oicunen e ot th 
previous stimuli Hint the mousing eil et in qu jdion is due t) the oocuntuct ot 
the successive s (imuittli u and not to the tc uuonce f the suet sn conftadi n 
appears to be mdu itcd by t ht tact that it indue turn shocl s b uuplovcd which 
aie of k*B than minimal nit mnly at the commentemt nt of a tarns, they histbecomt 
of minimal and oventuully, at tut end cf a slihs, ot me ic than minimal intensity 
Now, as m this case no cnntiacli n teems in usponso to the first three oi foui 
stimuli, it is evident that the summating influence must have it ft it nco to the 
process of stimulation as distinguished from that of rouli action rsevorthelese, 
that the summating eflect is a genual one pen iding the whole (\tont of the re¬ 
sponding tissue, and not confined to the aiea occupitd by tho elcctiodts, ia proved 
by tho fact that if, during the administration of a sines of stimuli, tho eleetrodos 
bo suddenly shitted to another pirt tf tho excitable tissue (pel haps tight er nino 
inches from their previous si it), the summatnig efioct i» resumed hom the point at 
which it was left by the pievious stimulus I ho autboi fiuther p oved by vanous 
experiments that during the natund swimming motions of the Medusa) eviry con¬ 
traction exerts a beneficial influence on its buectsstr, which resembles both m kind 
and degree that which is excited by a contraction dui to an aitificiftl stimulus 
AitxjicuilRhythm —AVheutheparaljzcddishotylm Ww«m daifisubnnttcdtostrc ng 
faradaic stimulation, it goes into a tolerably woli-pronounced tc tnnus If the strength 
of the cuneut be now diminished, tho tetanus assumes a wild And tumultuous ehaiac 
tor, somewhat resembling that of a heart undei similaicii umstaniLS Ulheelrenuth 
of the current be again progressively diminished the chaiactei of the tetanus be¬ 
comes progicssively has anu less tumultuous, until at last it ceases to be tetanus 
and passes into rhythm lhis artificial lhythm is quite as reguiui and quite as 
sustained as is the nutural iliythm of tho auimul Its rate vanes iu difloront spe¬ 
cimens, but usually coiresponds with that of rapid swimming Progressively di¬ 
minishing the strength of the iirtuluic stnnulatnn h s the eiliet oi progressively 
docieaaing tho rate of the lhythm down to tl^o point at winch all losponso ceases, 
but between the slovvist ihjthm obtainable by immmal stimulation and the most 
japid rhythm obtainable befoio the appeal mc< of totanus there me numerous 
degrees ot rate to bo observed Ihe aitihcial lhythm may be obtained with a 
portion of any size of mitable tissue, and whethci a small oi a laigi piece of the 
latter be meluded between the eicctrodos Ihe pirsisttney ol any given rate of 
rhythm under the same stiength of ciurcnt ia wondeilully gieat, tor it generally 
requires more than an hour of continuous faiadization befoio tho rhythm begins 
to oocomo irregular, ow mg to incipient exhaustion At first only one systole is 
omitted at long intervals, but afterwards theso omissions become frequent and all 

15* 



I (10 


REPORT— 1870. 


tli.' contiuiLion* ui< i guhu Finally the contractions altogether cease, but ft rest of 
lt.ilf an hour or an lioui restores the irritability 

The hypothesis by which tho author seeks to explain this artificial rhythm (a 
anythin which, m most case*, is quite as regular as the beating of a lioart) is as 
follows:— 

Tvory time tho tissho contracts it must, as ft consequence, suffer a certain decree 
of exhaustion, nnd there loro must become slightly lose sensitive to stimulation thun 
it was hefoio, \ffcer a time, however, tho exhaustion will pass away, and the 
onginal degree ot *cnnitivcnes* will thereupon return Now tho intensity of the 
tmadaic stimulation, which is alone capable of pioduting rhythmic response, is 
oithei minimal, or hut slightly more than minimal, in relation to the sensitiveness 
of tho tissue when fiesh Consequently, when the degree of this sensitiveness is 
somewhat lowered by tempoifu^y exhaustion, the intensity of the stimulation 
becomes somewhat less than miiumnl in 1 elation to this lower degree of sensitive¬ 
ness Tin tij-siu theudtuc fail* to peiceiv e the presence of the stimulus, and con- 
soqucntlv fail* to ie*poud But so soon as tlio exhaustion is completely recovered 
ft mil, so soon will the tissue again perceive tho presence of tho stimulation It 
will thcreioie ngum lespond, again become temporarily exhausted, again fail to 
percen 1 1 the presence of tho stimulation, and therefore again become temporarily 
quiescent xSow it is obvious that if this process pcc uis once, it may occur an 
indefinite number of times, nnd as the conditions of nutrition, as well as thoeo of 
stimulation, leiutun constant, it is manifest that the responses may thus become 
penodic 

In ordn t> n *1 this hapotheni* the uutlnn nude the following experiments 
Ifaving hrat noted the lateot the rhythm under farad me stimulation of minimal 
mleiwlv, without shifting the electrodes or altenng tho stieugth of the cui rout, he 
disenrdid the fauuluc stimulation, and substituted lor it single inductiou-Bhocka 
tin own in with a low He found that the maximum number of I hese single shocks 
which he could thus throw in in a given time, so ns to pioitnv a response to every 
*)hk l , i ori( sponded exactly with tho number of eon li actions winch tno tissue hod 
pivviouslv given dunng a similar interval of time when under the influence of the 
larndaic lurient of similar intensity. Tor instance, to take a specific case, it was 
found that under the farodaie current tho rate of tho rhythm was one in two seconds 
By now threw mg in single shocks ol tho same intensity, it was found that the 
quit best rate at w hit h thc*e < ould bo thrown in, so as to procure a response to 
every shot Ic, w as one in two seconds If thrown in nt a slightly quicker rate, every 
now and then, nt legular intervals, one of tho shocks would fail to elicit a response. 
The length of these intervals, of course, depended on tho rati 1 at which tho succes¬ 
sive shocks woio thrown in, so that, foi instance, if they were thrown in at the 
rate of one a m t nnd, tho tissue would onlv, but always, lespond to every alternate 
abode. 

The following, and somewhat similar, experiment is still more conclusive. Aft 
tthenlv stated, the iate of tho aitificial rhythm under faradme stimulation varien 
with tho strength of tho faradme current Now, by choosing at random anv 
strength of faraduic stimulation between tho limits where rhytnmic response oc¬ 
curred, and by noting the rate of the lhythm under that strength, the author was 
generally able to ptethrf tho piecise number of single induction-shocks he could 
afterwards afford to thiow in with the same strength of current, so as to procure a 
i espouse to every shock—this number, of course, corresponding exactly with tho 
iate ot the rhythm previously manifested under the faraaaic stimulation. 

Other experiments, which do not admit of being briefly detailed, have likewise 
confirmed the above hv pothosis. Upon this hypothesis, therefore, the author has 
constructed a theoiy concerning the lhvthmic action of organic tissues in geueral. 
TJio detail** of this theory cannot bo rendered in the present abstract, but m its 
mam outlines it is \er> simple, viz that all such rhythmic action is due to the 
alternate piocess of exhaustion and recovery of contractile tissues, which has just 
Wn explains i Theiefore the particular case of rhythmic action of ganglionated 
tissue is supposed by this theory to be due, not to any special resistance mechanism 
on the put of the ganglionic tissue*, but to tho primary qualities of the contractile 
tissues In other words, the function of the ganglia is supposed to be merely that of 
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supplying ft constant stimulation —the thythm being supposed due to the smim causes 
oa is the artificial lliytbm of Aurelia aw it a Fioiu tins it will bo ^een that the 
essential point of difference between the current theory of rhythm us due to ganglia 
and the theory now pioposed consists in this—that wlioicaa both the un>s suppose 
the furamulatton of cueigy by ganglia to be a continuous process, the resistance 
theory supposes the dtscnai qe of tins accumulated energy to be niterimttent, while 
the exhaustion theory supposes it to bo continuous Accoidmg to the iormei 
theory, therefore, tho rhythm results because the stimulation is pi nodu , according 
to the laltei theory, the rhythm Jesuits because the alternate pieces of exhaustion 
and recovery, or the fall and liso of excitabilitv, is periodic 

Without waiting to discuss the a pitot i meats of these rival theories, the authoi 
proceeded at once to mention some furthei experiments winch wen> designed to 
test the new theory, and winch have so fm continued it as to show tlip causey which 
modify the natural rhythm of Amelia likewise modify, in the same v\.i\s and 
degroes, the artificial rhythm 

(a) Othci modes of constant stimulation, bchides that supplied b\ ftuaclinc t lec- 
tricity, likewise cause rhythmic action on the pint of the deganghonated tissue- ol 
Mednsro For instance, the voltaic current causes tins action *, and dilute 
chemical stimuli tend to produce thosnme etlect 

(i h ) With each merement of tempeiatuie tho r.ite of the uiUhciul jhythm in¬ 
creases suddenly, just as it does in the case of the natural lhy Ihm Mon*o\er, there 
seems to bo a soit of rough correspondence between the amount of lullucm o that 
any given degieo of tempoiature exerts on the i ate of the natural and of the aitllicml 
rhythm respectively Fmther, it will be remembered that m wauu vwitu the 
natural rhythm, besides being quicker, is not so regular ns it is in cold water Ihus 
also it is with tho artificial lhythm Lastlv, water below 20 3 m above Bo 5 ms- 
penda tho natural rhythm, and tho aitificial lhvthm is suspend) l nt ahout the 
same degrees. 

(e) Carbonic and letards and eventually suspends the .utihei.d lliy Him, m just 
tho same way as this pas acts on the natural rhythm 

(</) When the nmiginal ganglia of Sama aro lemoved, the ummibuuin shortly 
aftervvaids relaxes to five or six times its normal length. There can bo no doubt 
that this etlect is due to the muscular fibres of the manubmim having been pre¬ 
viously kept in a state of toync contraction bv means of a continuous ganglionic 
discbftigo from tho margin Now physiologists arc unanimous m legaidmg mus¬ 
cular tonus ftH a kind of gentle tetanus due to a persistent ganglionic stimulation , 
and against this opinion nothing con be said Hut, in au 01 dance xvitli tho ac¬ 
cepted theory of ganglionic action, physiologists further suppose that tho only 
reason why some muscles aro thrown into a state of tonus by ganglionic stimula¬ 
tion, while other muscles arc thrown into a state of lhj tbinic action by the same 
menus, is because the to tho passago of the stimulation fiom tho ganglion 

to the musclo is less in the former than m the lftltei case On tho other hand, tin* 
new theory of ganglionic action explains tho difieienco by nippo-imr a diflbreut 
degree of xnitahiltty on the part of tho muscles in the two <a&es, for it will bo 
remembered that in the authoris experiments on paralyzed ^vu/i/r,if the continuous 
stimulation wore of somewhat 11101*0 than minimal inteusitv, tetanus was the iivmll, 
while if such stimulation weio but of minimal intensity, the result was lhythnnc 
action Now the author finds in the caBe of Satsia that the musLiiItu ti^ue of the 
manubrium m more excitable than tho muscular tissue of the bell: no that, for this 
and other reasons, the facts hero accord name closely with tho exhaustion than 
with the resistance theory of ganglionic actioh 

Reflex Action —The occurrence of reflex action in the Medusco is of ft voiy marked 
character. For instance, if the manubrium be irritated, the swimming-organ re¬ 
sponds to the irritation by giving one or inoro contractions, but if the marginal 
ganglia be now removed, the swimming-organ no longer responds e\ en to the most 
violent irritation Again, in Aurelta , if only one lithocynt bo left in hIu } and if, 
during a pause in the activity of the latter, nny pait of tne iiritable siufacc of the 


* Tlius far the results are strikingly similar to those obtain'd by Dr Forster in th * 
caw of the henrb-apex. 



162 


RBFORT— 1876, 


Bwimnung-oiguu bo very gently irritated, tbo resulting contractile wave does not 
start from the immediate seat of nutation, but from the ganglion which still 
remains in mtu 

But this allusion to a u contractile wave ' renders it necessary to state that all the 
contractilo motions of the Modus© (whi thcr due to ganglionic or to artificial 
stimulation) may bo seen to bo of the nature of < ontractilo waves which spread 
from the point of stimulation as from a emtro Iho iftto at which they tiavel 
lanes greatly in difh rrnt spents, and in the sum specits under different conditions 
of tompc rat lire &c I he author has made nn elaborate aims of cxpuiments by 
section, with the new i f ascertaining whether these contractile waves are merely 
muscle-waves or dtpf nd for tlien pasaa n L up in the pe 4 - net of rudnntntniy nerves 
He finds that the tissue will endure almost any sewrity of oi eilappmg b ctnms 
without sutlenng Iosb of its physiological continuity—the (ontractilo wav s still ton* 
tinning t) zigzag bach and fore among the o\trapping cuts Similoily with 
another form of rccI ion wliuh consists in cairying a cut round and round tho 
swimming disk m tin form of r spiral, the Medium bung thus converted into the 
form of a nbbon In such a form of faction the aullu i has ltpcntcdly seen con- 
tiactilo waits passing lrcely from end to end of a ribbon shaped stnp of tissue 
measuring only an mch across and moie than a yaid m length He was therelore 
at hist inclined to regard these coutiai tile waves as merely musclo-waies Nevtr- 
theliss there is likewise an important b dy of evidence to bo adduced in favour of 
a nervous ploxus In jmticulai, if tin spiral mode oi sectn n bt earned on sulh- 
ciently far, a point is, sooner or lntt r, sure to come at winch the contractile waves 
censo to j ass foiwaid they bcc mo blocked at that point and this altiai/s tmth 
(pi at sndanmc^ M< uoier, the pun t at which such blocking of the waves takos 
place is cxtiemdy variable m diihrmt individuals of tlu same spccioe Lastly, 
the fact th it r fiev acli n bus been prned to oci ui, shows that these excitable 
tissues aio pen a ltd by tracts which present the distinguishing function of nerve, 
vi7 the conve wng of impressions to a distanc i And it is of the first importance 
to oVeno that this function is rpnto as difficult to desti iy by tho introduction of 
overlapping or of spual cuts as is the function on which the paKsnge ol contractile 
wav es depends In other wolds, reflex aetion continues to take place through 
firms of st etion as fleveio as those thiough which contractile waves continue to 

E ass And this fact tho autli ir considcis tho most important that has as yet boon 
rought to Ugl tin the whole range ot invertebrate physiology , for ho logarde it as 
evidmce that in these primitive nervo-muscular tissues tho conductile or nervous 
ch mcut becomes diflu cntiutcd from the contractilo or muscular dement in such 
a way that vicarious action is pemnttid to take place to any extent among the 
incipient cmductilo elements And in striking confnmation of this view another 
series of observations may hi ro be mentioned 

rurroptw vuheans is a bowl-shaped spool s of naked-oyi d Modus©, to whit li the 
author has aligned this name in refertnc o to a highly interesting function that is 
manifested by ita manubrium This function consists in the oigau localizing, with 
tho utmost prc< lsnn any point of nrUation which is situated in tho boll ior 
instance, if any point in tbe untable surface of the bell be pinked with a noodle, 
the manubrium moves ovtr tow ards that point and applies its tapered extremity 
to tho exact snot where the prick has been inflicted But now, this unerring pre¬ 
cision with wiufli the mnnubnum indicates a seat of irritation in the bell may bo 
completely destro) ed by introducing a short cut between the base of the manubrium 
and tho seat of irritation iu the bell The afferent connexions, therefore, on which 
this localizing functic n depends are thus shown to be exclusively, or almost exclu¬ 
sively, radial Hut although under these conditions tho manubrium is no longer 
able to localize the seat oi irritation, it nevertheless continues to pereeivo, so to speak, 
that irritation is being apphi d soinewfote , for overy lime the irritation u applied 
tho manubrium actively (lodges about from one part of the bell to another, apply¬ 
ing its extremity now at this place and now at teat one, as if seeking in vain for 
the offend ng body Now this fact shows that the stimulus, on reaching the point 
at which the afferent tract is severed, escapes from the severed to tho unsevered 
tracts through the wciw wus action of the latter 
There is another point of interest connected with this apparently reflex action 
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When the author romoved the manubrium at its base, ho found that on now irri¬ 
tating any part of its own substance the apex endeavoured to curv o down towards 
the seat of irritation. Similarly, if only a portion of the manubrium were removed, 
the pointing action of that portion resembled the pointing action of the entire 
orgaiij whilo the stump that lemainod tn situ would continue to moYo over as far 
as it could towards any point of irritation situated m the bell Hence there can 
bo no doubt that eveiy pait of the manubrium, is independently endowed with the 
rapacity of localizing a scat of nritation either m its own substance 01 in that ot 
the bell And in this we have a very remarkable fart, for the localising function 
which is so \ory efficiently performed by the manubrium of this Medusa, and which, 
if any thing lescinblmg it occurred in the higher animals, would certainly have 
definite ganglionic centres for its structural eorrclatno, is hero shared equally by 
every part of the exceedingly tenuous contractile tissue that forms the outer surface 
of the organ. We have thus in this case a general diffusion of ganglionic function, 
which is ouo\tons]\e with the contiactile tissues of Ihe oigan 

Pumms —The author lias conducted a number of experiments with reference to 
the effects of tlio % auous nerve- and muse lu-poisons on the primitive ner\ o-muscular 
tissues. He has tued chloioform, olhoi, morphia, caffmn, nitrate of amyl, alcohol, 
nicotin, strychnia, veratnmn, diptulm, atiopio, curare, cjomdo of potassium, &c , 
&c., and ho finds that in tho mam all these poisons exert precisely the same effects 
on the Medusro as they do on tho higher animals A xast number of other obser¬ 
vations were detailed which do not admit of being briefly abstracted Those who 
are interested in tho subject are thcrel'oio referred to tho 1 Philosophical Trans¬ 
actions/ whore a full account of tho research is to be found. 


New Researches on the Eteilncal Phenomena coavguent on Irritation of the 
leaves of the Fly-trap (Dionwa museipuln). Ihf Prof Uijrdon S\Ni>KiwoN f 
FM Af. 


\s n/ the Lnruj#. By Di William. SnBU»o. 


An Aicount of Finger-muscles found in the Gi ee aland Right Whale* 
By Prof. frmuTnEU'L 


An Account of Dissections of the supposed Rudimentary Hind Limb of the 
Greenland Right Whale . By Prof Stbuxulks, 


On the Structure of the Placenta in relation to the Theory of Evolution. 
By Prof. W. Turner, F.R.S.E. 


On the Effects of the Mineral Substances in Drinking- Water on ihe Health of 
ihe Community . By J. A. Wankltn 
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lloi t Kiimk. 1 WulUiceu Address seo pti,;o HlO J 
On thi Oldest 11 oman tn Gotland By General Sir J Alexander 


Oa *oh i PhtHomintt «s mattd t uth 41 not mat Conditions of JJrnd 
By Prof Babbitt, V It & h 


Pn Unt Af/m ftne By X W Bucxlam), MAI 

Believing the «dudv of PimutHL Agriculture to be of peal importance m con¬ 
nexion with tlio migration and social intercourse of laces jn the prehistoric times, 
1 have oudeftv mred to th \v — 

Itit JIil nnlipuly of the nit and its bearing upon civilization , that it could only 
1 u\ < npiittlcd nm< ng ] eo| h having a setlhd abode, and thereforo was probably 
tost pinctncd niavciy impel ket state by the'women of tnbesleft m tents or villages 
to await the utuin of hunters—a probability which is strengthened by the fact that 
women aio still the lo npicultunsts among rnunj semicn ili7cd rae< s 

Jml That although agiicullme may have originated in many lands nnd ftt dif- 
icient tinier many p< oples vet lenmin in total ignorance < f it, and the ngur ultuio 
ot tholvwu incesoomu ts in the cultivation of indigenous roots and fiuits, Iho 
< ultivatiou of tl c tcuals bung confined to civilized races and to those who haul 
1 ciiilit it thu u n h ciutn( t with them 

nd Ihat tho 11 ^in nnd native land i f all the cereals remains obecuie, although 
all, fxcejtng nun/(, aie supposed to be mdiginous in the eastern hemisphere, 
whilst nmm is uftumtd to be of American origin and to have been unknown 
in the Old \\ oi Id bo ft re the time of Columbus 1 his last assertion I ha\ e v mtured 
to dispute, ft nn tho tact that tia\ oilers have found it in cultivation in various parts 
of Asia and \fnca bt foio any inteicourse had arisen with white men and because it is 
(lescubed m the ‘’Niewo ITeiball ’ published 1578, as Ftummtum lutcuum or Asia- 
tunm 

4th That theio an tiacts in America, China, and ancient Egypt of a time, 
antenoi to the cultivation of ceitals, when the aborigines of these countncs fed, 
as tho Pacific islanders do now, upon fruits and root", some of them poisonous, but 
rendered wholesome by pounding, maceration, and desiccation, and tnnt this pumi- 
live state in these cuuutrus is confirmed by the annals of China, by the testimony 
of Herod jtus, and by American myths 

5th lhat v similarity m the customs, myths, monuments, and religions of China, 
Egypt, IViu, and Mexico leads to the conclusion that a cognate pre-^Tyan race 
introduced the cultivation of the cereals into all these countries, ana with them the 
w oi ship ot the Moon as an agricultural deity 

bth llmt the absence of agricultural implements fiom piehistonc discoveries 
pioves thur ixtionie simplicity, bein^ probably onlj a pointed stick, which still 
ftrins thescle ngncuUural implement in many countries, whilst it is not improbable 
that fnmo < f tho stout colls were omplojcd as hoes, and that flint flakes inserted 
in wooden fiames solved then, os they do nowm the Fast, as harrows and thieshing 
implements, and that furrows and ndges seem everywhere to have been used in the 
cultivation of gram, whilst corn-lulls seem to be confined to America, although 
used m Afiica in the cultivation of mandioca 

7th That the tmees of primitive agriculture confirm tho conclusions of modern 
ethnologists as to tho early condition, gradual development, nnd extensive mi¬ 
grations of the human iact 


On jtihtuo h of and English, By Hcv Mr C vrphon 
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On the Prehistoric Names for Alan, AIonley t Lizauf, ij<\ 

By Hi mi Clarke, M.A.I. 

The writer first stated that the Austiahans call the white man Wanda, also a 
word for spirit, demon, or angel In African languages, Wanduni and Warn aio 
names for man * the names foi man in African and (Anti al-American languages 
interchanged with those formonkev, lizaid,fiog, id these numerous ov.unph swi ie 
given Tn Adrian monkey is** iidunui,’whuhRe\ W Houghton compares with the 
Hebrew Adam as related to the anthropoid ape The An an Man and Sonaio found 
in Afuca and the prehistoric woild in such iclation aa oil Ai\au pie-histunc loots 
are There was no sepniute cieation or development of An an mots, though there 
was a selection^ and Sansknt wouB may bo found among some of the lowest images 
in Africa This thing is certain, that the Ar) an languages were fir'd those of blacks, 
as are most of tho languages of the world, and the woids supposed to repiosent an 
Aryan civilization me those of tho culture of the (allied, blacks nnd savages Ho, 
too, as to prnnitivo mythology, m the tacts above stated will peihnps lie found the 
origin of telem worship and ol animal ancestois 


On HiUtU’, Khun, ffmnuth, Cananntti, Lydian, EtiuMun, Puttttan, 

Ale i taut, i)i. By IIuu Cluikl, Al A f. 

This piper embraces tho author's investigations on that family nnd ipedi to 
which he had given the name of Sumero-Peiuv inn, but to winch thetitloot Ihttito 
had lately been given Beginning with tlie (’mummies, tho Ilittites, &c , ho stated 
his investigations as to tho dcciplu nnent of the llittitu or Hamath nwcuptions 
and the Conannito terms in tho Bible This part embraced in copious tables tho 
parallelism of Canaamte town names lecorded m Hciiptme with those of Asm Minoi, 
pre-Hellenic (Ircece, Etruria, Italy, Iberian Hpain (not Basque), Babylonia, India, 
Peru, and Mexico Applying this evidence again to suppmt the linguistic, tho com¬ 
munity of Etruscan wuth Lydmn and Ilittite was afiiiined Tho earliest culture of 
India was assigned to tho same family Adopting tho mass of evidence, tho lan¬ 
guages aud culture of the great kingdoms of Amorica were explained as being of 
a like epoch with the “Ilittite,” aud the phenomena of an anested culture in 
America wero accounted for Thus while tlieie w ere points of conformity in culture 
and mythology, America never shared in the highest stages in tho Semitic or Aryan 
developments Traces of tho tradition of the former communication with the Now 
"World were illustrated. 


On a Sooloo Skull. By Brof. Cleland, FILS, 


On the Phoenicians, By C. O. Ukoom Napier, 


On the Natives of Butish Guiana, By W, Harper. 


On the Eastern Pntnre-ivntrny, By J, Park Hahrjson 


On the Rodiyas of Ceylon. By Bertram F Hakthhohne. 


On Homed Men of Alkem, in Africa. 

By Captain J. 8. Hay and Commander Cameron, Ojj, 



166 


retort —1876. 


On the Laplanders and People of the North of Europe . 
By H v. Humboldt v, d. Horck. 


The Clarification of Arrow-heads. By W J Knovylts. 

The author objected to tho present class:lioation One author applies the term 
triangular to a slightly indented tjpo of arrow-head, and indented to a more 
deeply indented type, while another meludos under the name triangular both 
triangular and indented arrow-heads He also objected to the term leaf-shape, 
as stemmed and indented arrou-heads often closely lesemble lefties He suggested 
that “ovate '* for broad and short, and “ lanceolate ” for tho nnrrow and elongated 
forms, would be mole appropimte type names foi the eo-ealled leaf-shape. He also 
objected to airou-beads with four stiaight edges but much more elongated at ono 
end than the other being classed as lozenge-shaped Tins hum has often the edges 
of the base moiled out wauls nrd thosu ot the point inclining inwards Ilo would 
include such under the name kitp-shnpu, and apply the term lozenge-shaped only to 
those arrow-heads which hiul four edge* of equal length lie would npply tho term 
triangular onl^ to arrrow-liends having three straight edges , and indented to those 
which were indented at the base, whether much or little Those yvhich had a 
central tang or stem, whether b irbod or not, he would, to save confusion, include 
under the trim stem meal lie considers that this arrangement would retain many 
of the old terms with winch we are familiar, and )et considerably improve mattois. 
Our classification would then bo stummed, indented, triangular, oy ate, lanceolate, 
kite-shaped, lozenge-shaped , and if tho term leaf-shaped has got too great a hold 
to be given up he suggests that it could be retained and ov ole and lanceolate dropped 
for the present 


Additional Itenmrls on the Find of Prehistoric Objects at Portstcwart . 

By W. J Knowles 

Tho author leferrtd to the objects (arrow-heads, scrapers, See ) which he had 
found in pits among sandhills at Portatowart, at the time ho brought tho matter 
before the Belfast meeting m 1874, and stated that the most remarkable find since 
that timo had been about a dozen very small heads of serpentine, concave on ono 
side and convex on the other, which probably formed part of a necklace that had been 
lost, or which had been placed in an urn at tho time of an interment They were 
all found within a few jaids of the same spot lie also found one of those stones 
known as Tilhuggerdeens or oval tool stones , and from being found with the flint 
implements, ho argued that it belonged to the Stone A ge lie also found bones and 
a portion of deer-horn which had been deeply cut, and lie endeavoured to show, 
from experiments made by himself ou a common beef-bone with a flint flake, that 
tho cutting had been made by flint tools. 


On Boejes Shulh. By Dr. Knox. 


On the Origin of Instinct. By llov. J. M>Cann, D.D. 


On the Gaelic Inhabitants of Scotland . By Hector MaxjLean. 

The author gave some of the results of his investigations into the non-Aryan 
clement of tb* Gaelic tongue, and ttyued for the existence in Scotland of one or 
more pre-Ka* ft races, who were gradually kelticixed by the Caledonians and other 
invaders from the east. 
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On the Anylmziug and Gaeliciziny of Surnames, By Hector MacLkan, 

It xvas shown that the value of surnames os tests of race, nr of the proportion of 
lace-clcmente, in the Scottish Highlands, as well as in Ireland, was much impaired 
by the frequent adoption, both in the middle ages and in recent times, of translated 
or of like-woundmg Bnmnmes leciprocally by the two races in contact with tath 
other in those countries, and numerous examples were given of such changes, e.y. 
Mnclon into Johnson, 


Explorations m tlr Mauds of the Coal Sea. By Kkrkv-Niuiolls. 

Katurs of Nav Hebrides^ Hanks, and Santa-Ci uz 1 stands 

Tho natives liihiihiling tlie^o islands owe their origin to tho same stock from 
which tho xvisteru and Nouthcin portion of New Guinea and the inlands lviug im¬ 
mediately to tho soullivvard of that country appejir to lm\o been peopled This 
slock ih evidenth Papuan, and lias by its numeions and widespreading branches 
not only extended itself o\er the islands of the Coial Sea, but as far east as the 
Fill8, m which latter country, however, the race hns evidently loomed a strong 
infusion of Malay blood 

It is probable that tlm islands wt re inhabited at s xery remote peiiod, but at 
what era population set m, whether at the first instance it xvas purely accidental 
and subsequently gradual, or whether originally it was undertaken from design and 
accelerated at any particular period by political conxulsions, cannot at present be 
determined, oa there is no date on which to relj xvith confident e But whatever 
opinion may bo formed on tho identity of the present raco, the stiikmg resemblance 
in person, feature, language, and customs which prcxails thionghout justifies the 
conclusion that the original population issued from tho samo source, nnd that the 
peculiarities and chaiactenstics which distinguish tho tribes or communities on 
dittorent islands haxe been mainly brought about by long separation, local circum¬ 
stances, and the intercourse of foreign trades and w Itlers 

Physically considered these people are a well-built athletic rncp of savages, who 
appear to inherit in a x orv marked degree all tho characteristics of the Papuan 
race. Tho men average about 5 foot tf inches in height, are erect in figure, xvith 
broad chests and massive limbs, xxhich in ninny instances display gloat muscular 
development Tho colour of tho skin is usually of a dark reddish brown, but some¬ 
times it is quite black, and is often covered with short curly hair, especially about 
the breast, back, and shoulders They have large well-formed heads, the facial 
angle is about 4(1°, xvhilo the cranium in the majority of instances betokens a fair 
degree of mental development Tho features are usually regular in form, the fore¬ 
head high and massive, xvith a considerable prominency in the region of the frontal 
bone ; the nose is mostly flat, but in some instances aquiline, the nostrils wide, the 
mouth large and firm, tho lips well cut and slightly full; the teeth square, strongly 
sot and very white and even, while the eye, largo, of a dark hi own colour and 
shaded by long lashes, is not too deeply set and is quick and penetrating in its 
glance 

Tho hair, which forms one of the most remark able features of this race, is dis¬ 
tributed thickly over the head in the form of small spiral curls, and when allowed 
to grow in its natural way has a woolly appearance, and resembles at first fflance 
that of the African negro; but it is in reality much finer and softer The heard, 
which is of the same ensp curly nature as tho hair, is worn short. In the northern 
Islands tho men go completely naked, but in the southern islands, where the climate 
is slightly cooler, they affect a scant covering about the loins. They are fond of 
decorating the head with flowers and feathers and of tattooing the race with red 
and blue pigments, which imparts to them a savage and ferocious look. The form 
of tattooing, however, varies much upon different islands, and seems to serve as a 
distinctive mark among the various tribes inhabiting them. On the island of 
Tana the natives tattoo each cheek with big patches of red pigment, and wear blue 
streaks under the eyes and across the forehead. On the other islands various forms 



168 


HFPORr—1876. 


of tattooing pievtul, but in Banks’ group, wbor© there appears to have boon at 
eomo tune or other an admixture of Malay olood, a totally different kind of tattoo¬ 
ing obtains fr>w that of (he islands of the southward llore the bodies, especially 
of the women, aio often rompletely covered wilh tatto ) maiks representing luce- 
woik of tin most artistic design This style of tattooing is often extended so as 
to cover the body entiioly fiom the ftel, ovtr tho fiee and even to the very roots 
of the hair I his mode of dccoiation is perfoimtd bv puncturing the skin with a 
sharp bamboo instrument something hk a comb and th n nibbing in a blue liquid 
dye obtained from the juict < f a plant com non upon the inlands \11 the lBlanans 
are ury fond of showy ornaments in tho shape ol necklaces made of beads and 
coloured shells they have tl o «optum t f the nose pnreed, as likewise the lobts 
of tho cars, into winch ai thrust all kinds of dect rations The features of the 
women aie much flattei than those of the men, and they are in statuie considerably 
shorter, theio are, however many marked exceptions to this rule Their limbs 
aie round and well turned, but tho long pendulous breasts < f the married women 
detract gioally from thur otherwise symmetrical proportions Their only dress is 
a short covering made of the plaited filaments or the plnntam-lenf or simply of 
native grass attached to a cord round the waist but this primitive costume vanes 
gicatlj on different islands 1 met with twoAlbmoes,—one a man, on the island of 
1 spentu Santo , the other was a woman, whom I fell m with when crossing tho 
island of Vanu I uva fn appearance tluy woie both very ugly , tbe latUr was 
exceedingly stout, and hei skin of a pinkish-wbite colour was speckled all ovei 
with dark red spots about tin sue of peas, while she bad pink i vts, very weak and 
inflamed and light sandy colour*, d hair 

All things considered, tho physical condition of the islander* does not appear to 
manifest any sign of degeneintion As ft rule the natives inhabiting the vauous 
islands appear to be healthy and vigorous The prevailing diseases are dysentery, 
fever, and ague, chrome rhoumatism, scorbutic affections, ophthnlmia and elephan¬ 
tiasis They seem to have little or no notion of nndical skill, but place great faith 
in charms and incantations for tho cure of the diseases fr>m winch they suffer 

In tracing the distribution of the seveial iac<s inhabiting the Pacific Islands a 
marked difference is observable in the eonatiuction and decoration of the various 
implements of war and the eanocs employed by tho natives on various islands 
The war implements of the Malays are rt maikablo for matness of construction, skil- 
ftil carv ing, and various other artistic decorations, while their canoes are lightly 
built, tastefully painted, and inlaid with pearl shell about the prow, which is usually 
curiously caned These canoes are often capable of earning from fifty to sixty 
men On the other band, among tbe Papuans their vvai implements are mostly 
verj ludo in construction, and there is fai less of the decoiatne art displayed in 
their nianufactiuo J heir canoes Iikewist, although lrngo, can lay no claim to 
artistic design, while uu some islands they assume tuo most primitive form, being 
made simply from huge logs hollowed out by Are But even the Papuans them¬ 
selves show a variety of design m the construction of tluir weapons, and which 
vanes upon different islands On the inland of Tana the vvm club a favounto 
weapon, is veiy beavj. and requires to bo wielded with both hands Atany of these 
clubs are highly pollened, but tbe carving about them is of tho simplest design 
On tho island of Jrromango the spears arc made entirely of wood, the points being 
neatly carved and baibed The natives of this island also use a weapon of ovtfl 
shape, in form not unlike the paddlo of a canoe, tho edges ol winch aie hardened 
by fire and made very sharp On the island of Lspentu Santo the speais aro usually 
of ffroat length, often as much as from 10 to 12 feet, tho heads of them are 
made of human thigh-bono, sharply pointed and barbed while nil are poisoned 
The chiefs of this island, when in full war-costume, wear human jawbones around 
the left wnst, and carry one of these long spears with three prongs to it and sharp 
needle-like points of bone coming a considerable distance down the shaft Theae 
spears are highly prized as emblems of chieftainship, and aie luvnded down as heir¬ 
looms from one chief to another The bows are often of gieat power, and on the 
Santa-Crus T dands, where Bishop Patteaon and Commodore Ooodenough were 
murdered, they are all from 8 to 10 feet long, the arrows being as much as 4 feet 
in length. On All the islands the arrows arc tipped with human bone, and arc 
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carefully barbod and poisoned, a scratch from ono of them being sufficient to cau*o 
death. 


On an Urn from Cliudleujh , Devon, By W. PjsvoKTjr, F 71S, 

In February 1870, somo workmen, digging a pit in a held on the property 
of Mr. W Brodrick, near Chudleigh, in Devonshire, discovered an urn two feet 
below the surface The um was unfortunately broken b> the workmen's tools before 
it was seen ; but Mr. Broilnck, who was immediately called, found its base intact 
and «« titVy with fragmonts of bono and bits of charcoal lying on it undisturbed 
Efforts were made to preserve the integrity of the bottom, but utteily failed, and 
the urn is now simply a heap of about 70 small fragments. It is obvious, however, 
that its base was ellipsoidal, and measured about 7x4 0 inches Mr Franks is of 
opinion that there is no reason to doubt that the uni is Iloman and perhaps made in 
this countiy Mi Busk and Mr Flower say there is no suspicion of the bones 
being human, hut that they think them, without dnhbt, those of goat or sheep, 
with the possible cv eption of a fragment of a tibia 


On Delfts of Totemism m Scotland in Historic Times By .T S. TiLEvt. 


On the Arthurian Appf* awl th Set pent of the Anunti By J S PnvvfL 


On 1 light -htinded new* By James Shaw. 


On the Mental Proyress of Animals during the Human Period 
By James Shaw. 


On two Slulls from the Andaman Islands By Dr. Aflen Thomson, F.R,S . 


GEOGRAPHY 

Address hy F. J. Evans, C B , F R S, Captain 7?.A T ,, Pi evident of the 

Section, 

Two event* notable in the annals of Geographical Science have to be recorded 
since the last meeting of the British Association, and these event*, as bearing 
materially on the advancement of our knowledge of geography, are deserving the 
special commendation of this Section ] refer to the successful issue of Cameron’s 
land journey across the tropical regions of Southern Africa, and to the successful 
completion of the sea voyage of the ‘Challenger’—a voyage which in its scope 
included the circumnavigation of the globe, the traversing the several oceans 
between the 60th parallel of North latitudo and the antarctic circle, and the 
exploration throughout, by the medium of the sound mg-hne and dredge, of the 
contour-features, tho formation, and the animal life of the great oceanic bed. 
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The general result* of the notable African land journey have already, through our 
parent Society in London, been brought laiyely under public review, and at out 
present meeting many details of interest will be placed before you by the intrepid 
traveller himself The courage, perseverance, and patient attention to the records 
of this long travel have been dwelt on by our highest geographical authorities, 
and so far it might appear superfluous to join in praise from this chair, neverthe¬ 
less it is to that part of the proceedings of Cameron, the unvarying attention and 
care he bestowed on instrumental observations in order to give those proceedings 
a securo scientific bams, to which I would direct your attention as being of a high 
order of merit. 

With this ovamplo before us, remembering the country and climate in which 
such unremitting labours were earned out, distinction to the future explorer can¬ 
not rest on the mere rendering of estimated topographical details, but can alone be 
fully merited when those details are verified by instrumental observations of an 
order sufficient to p^ce numerically beforo goographers tho physical features and 
characteristics of the exploit'd region 

Turning now from the lesults of the land journey of Cameron to those of the fioa 
vovage of the ‘Challenger,’ wo ore again reminded of the value of repeated and 
methodically arranged lustiuuientnl observations in geographieul rest aich. With 
our present 'knowledge of the sea-board regions of the globe, little remains, except 
m polar areas, for the nav igator to do in the field of discovery, or even of explo¬ 
ration, otherwise than in those details rendered necessary by tho lequircmcnta of 
trade or special industries It is to the development ot the uaentihc features of 
geography that tho attention of voyagers lequirea to be now mainly directed , and 
in this there is an illimitable held. The great advance in tins direction lesulting 
from the two leading events of the past voar, to which I have reftricd, fore¬ 
shadows the geographical icseareh of the future 

Communications of special value from some of those voyagers whose good 
fortune it was to leave and return to their native land in the snip * Challenger’ 
will doubtless be made to this mid othe** Sections I tiust nevertheless, oa one 
otficially inteiested in tho expedition from its inception, and as having in early 
days been engaged in Kindred work, and also, as I hope, without being considered 
to have tiespasscd on the scientific territories of these gentlemen (ground indeed 
so well earned), tins meeting will view with indulgemo my having selected as 
tho leudiug theme of niv address to it a review of that branch of our science now 
commonly known as tho “ Physical Gcogniphy of tho Sea,” combined with such 
suggestive matter as has presented itself to mo whilst engaged in lollowiDg up tho 
proceedings of this remarkable voyage 

It has been well observed that u contact with the ocean has unquestionably 
exercised a beneficial influence on the cultivation of tho intellect and formation of 
the character ot manv nations, on the multiplication of those bonds which should 
unite the whole human race, on the first knowlodgo of the true form of the earth, 
and on the pursuit of astronomy and of all tho mathematical and physical sciences ” 
The Biibject is thus not an ignoble one , and, further, it appears to me appropriate, 
assembled os we are in the commercial metropolis of Scotland, from among whoso 
citizens some of tho most valuable scientific investigations beanng on the art of 
navigation have proceeded. 

As a prefatory remoik, I would observe that tho distinctive appellation tl Physical 
Geography of the Sea ” is due to the accomplished geographer Humboldt, it is 
somewhat indefinite though comprehensive, and implies that branches of science 
not strictly pertaining to geography ns commonly understood are invaded. But 
this intruBion or overlaopinff of scientific boundaries is inevitable with the expan¬ 
sion of knowledge ; ana it is difficult to see how tho term tan bo wisely amended, 
or how the several included branches of physics can bo separated from pure 
geographical science. 

We are indebted in our generation to the genius nnd untiring energy of Maury, 
aided orig* jally by the liboral support of his Government, for placing Wore us, in 
the twofold interests of science and commerce, an abundant store of observed focts 
in this field, accompanied too by those broad generalizations which, written with 
a ready pen and the fervour of an enthusiast gifted with a poetic temperament, 
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hare charmed so many readers, and in their practical bearings have undoubtedly 
advanced tho practice of navigation 

In our admiration, however, of modern progress we must not in justice pass by 
without recognition the labours of earlier workers iu the same held So early us 
the middle of the seventeenth century we flnd^ m Holland, Barnard Vanenus 
describing with commendable accuracy the direction of the greater currents of tho 
Atlantic Ocean and their dependence on prevailing winds—the unequal saltness 
of the sea, the divasitv of tomperat ure, as the cftUJH s ot the dnection of the winds — 
and also speculating on tho depths of the sea Van nus s geographical writings 
were highly appreciated by Newton, and editions weri piepaitu at Cambridge 
under the supervision of that grtat man in 1072 and 1081 

To Ham pier, the ataman, and ITallcy, the philosopher, vvl owe graphic deserip- 
tious of the trade-winds as dermd fioin persoual experience, while their causes 
were investigated by Hadley, and the conclusion ho nnivul at, that they weie 
due to the combined efltnU ot the diuiml revolution of the until on its axis aud 
the unequal distribution of heat ovei ditier lit paits of tho earths surface, m 
substance still remains unchallengt d 

To Kenncll we owe a masterly investigatuu of tho cun nts of the Atlantic 
Ocean, an investigation which for pn (ision and a thorough cone* ptiou of tho con¬ 
ditions afleeting the subjut will long serve os a ni )del foi imitation Ills period 
covered some thirty or tortv years during the t nd ot the InRt and tho beginning of 
the present century At that epoch chrononietiiH though vtrv efhcient, had 
scarct ly passed tho stage of ti i il, but had nev< i tholes cc mmemb 1 themselves to 
the tirst navigators of tho dnv vvliost aim it was to narrowly watch find test 
this, to thorn, umrvoll us acquisition ltcnm 11 thus ct nnnnndtd nautical observa¬ 
tions of a high order of merit, tluse ho mdivulimllv verified, both for dct«running 
tho ship s positun absolutely and nlatmly to the com so pursutd and our know¬ 
ledge ol surtate currents was established on the net urc basis of differential results 
obtained at short intervals such as a day oi parts ot a day, instead of the previous 
rude estimation hom a ships reckoning extending ovei a whole vovage, or ita 
greater part 

At a later date we have, by lledfitld, Reed, Thom, and others solidly practical 
investigations of the gjiaton and at the same tune bodily progressive moiementa 
of those fierce and violent storms which, generated in tiopieal zones, traverse 
extonsivo districts of the ocean, not unfrequentlv devastating the narrow belt of 
land comprised in their track, and on tho sea baffling all tho uue and skill of the 
seaman to preserve his ship scathkes, while the clear and elegant exposition by 
Hove of their law and its application as one common guierol pnnuple to the 
ordinary movements of tho atmosphere must commend iNtlf os one of the achieve¬ 
ments of modern science* 

While for the moment in tlio aerial regions, w o must not forget the industry 
and scientific penetration of the present excellent secictary oi the Scottish 
Meteorological Society IIw more recent development of the several areas of 
barometric pressure, botli oceanic and continental, bids iair to amend and enlarge 
our conceptions of the circulation of both the aerial and liquid cov enngs of our 
planet 

Looking then, from our ini mediate stand-point on the extent of our knowledge 
(as confirmed by observational facts) of the several branches of physics pertaining to 
the geography of the sea, just rapidly reviewed, we find that, resulting from the 
methodical gathering up of “ocean statistics ’ by our own and otbei maritime 
nations, m the manner shadow ed forth by Maury and stamped by the Brussels 
Conference of 1853, we are iu possession of a goodly array of broad but neverthe¬ 
less sound results. The average seasonal limits of the trade-winds and monsoons, 
with the areas traversed by circular storms, ore known, also the general linear 
direction and varying rates of motion of the several ocean currents and streams, 
together with tho diffused valuis of air and sea-surface temperatmes, the areas of 
uniform barometric pressure, and the prevalent winds, over the navigable parts of 
theglobe 

Thu* far the practical advantages that have accrued to the art of navigation 
(and so directly aiding commorce) by the gradual diffusion of this knowledge* 
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tlnough the medium of giaphical rerdenng on chaiU and concise textual descrip¬ 
tions, cannot be overrated, still much la wanting in fulness and precision of dotail, 
especially in those distant but limited regions moie lecontly opened out by expand¬ 
ing trade Science views, too, with increasing interest these advances in our 
knowledge of ocean physics, as bearing umleiially on the grand iconomj of nature 
essays, brilliant and almost < xhaustivo on sonto of its subjects havo been given to 
us by eminent men of our own day but hero ono is remind* d, by the diversity in 
tht rendeiing of fa* ts how nunh remains to bo done in their correlation, and 
what an extensive and still evpanding held is betoro us 

The dawning *.fl rrts ot sueiu v to pa^s beyond the immediate practical lequire- 
ments of the navigator arc woithy ot n >t< Wo find—fiom an odmiiable papei 
on the “ TeinpoialurLS of the Sea nt different Depths, by Mr Prestwxch, just 
published m the Philosophical Pinnsactions—that in the middle of last century 
the subject of de< p-sea temp* mtures first. began to attract attention, and ther¬ 
mometers for tht purpose wers devised , but it was not till the early pait of the 
present ccnturv that the curiosity of stnmui appears to h&vf b*en generally 
awakened to know nnm of the ocean than could he gleaned on its surface John 
Itoss, whin m the Vrctic seas m 1818, caught nlimp^eB ot animal life at the depth 
of 0000 feet, other navigators succeeded in obtaining the tempemtuio ot succes¬ 
sive lavors of water to depths exceeding (i000 feet, but, so far as I can ascertain, 
James Ross was, in 1840, the first to record beyond doubt that bottom had been 
leached, “ deeper than did ever plummet sound/ at 1<>,000 fret, westward of the 
Gape of Good llope 

The impetus to deep sea exploudion howevei, was given by the demand ft r 
electrical telegraphic communication b tweui couutnos seveiul bv the ocean or by 
impracticable land routes, and the past twenty jears marks its steady growth 
Appliances for reaching tht bottom with cGenLv, for bringing up its water, for 
bunging up its formatim, for legibteung its thermal condition in situ } have 
steadily improved and thus the several octans were examined both over present 
and piospoctive telegraph-ioutcs Science, moused by the consideration that vast 
fields foi biological it seal ch wire opening up—as proved by the returns, prolific 
with living and dead animal matter rendeied bv the comparatively puny appliances 
originally used for bunging up the sea bottom—invoked, as Ixvond the roach of 
private enterprise, the aid of Governnnnt \\ lsely, earnestly, and munificently 
was the appeal respoudod to, and thus the 4 Challenger expedition has become 
the culminating effort of our own dav 

Wohftvo now reached, in all probability, a new starting-point in ufirence to 
many of our conceptions of the ph vsics ol the globo , and oui own special branch may 
not bo the least affected ihere is opened up to us, tor examph. as fair a general 
knowledge of the d* piessiou of the bed of laige oceanic areas below the sea-level, 
os of the elevation of the lands of adjacent continents abovo that unmrsal zero-line 
We learn for the first time by the * Challenger s rtsuits—ably supplemented m 
they have recently be* n b) the action of tho U S Government in the Pacific, and 
by an admirable soues of soundings rnado in the exploratory German ship of war 
‘{rft7olle —that tlie unbroken lango of ocean in the southern hemisphere is much 
shallower than tho northern mas, that it has no features approaching in character 
those grand abyssal depths of 27 ;0 0 and 23,500 feet found lespectively m the 
N jrth Pacihe and Noith Atlantic Oceans, os tho gieatost reliable depths recorded 
do not exceed 17 000 or 17 500 feet 

Ihe general surface of tho sea-bed lmsents m general ti the eye, when graphi¬ 
cally rendered on charts bv cont nir lint s of equal soundings, extensive plateaux 
vaned with the gentlest of undulation* Uiere is diveieity of feature in the 
westorn Pacifn Deem, where, m the large area occupied by tho many groups of 
cord islands, then intervening seas are cut up into actp basins or hollows, soijie 
15 000 somo 20 000 feet de^p In the north* n oceans one is stiuck with tho fact 
that the profouuder di ptlis in tho Pacific occupy h relative place m that ocean with 
those found iu the \tlantio lloth abyss'll areas have this too in common the 
maximum depth jaie near tho land, the sea-surface tern pci at ure has the maximum 
degree of heat in either ocovn , and two of the most remarkable ocean streams 
(Flonda-Gulf and Japan) partially encompass them 
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In the Atlantic Ocean, from a high southern latitude a broad channel, with not 
less than so mo 12,000 to 1/5,000 root, can be ti octal as extending nearly to lha 
entrance of Davis Strait; a dividing undulating ndgn of far less depression, on 
which stand the islands of Tristan iTAcunha, Rt Helena and Ascension, separates 
this, which may bo named the western channel, from ft similar ono running parallel 
to tho South-African continent, and winch extends to tho parallel of the Bntish 
Islands It is possible that rertain tidal and, indeed, climatic conditions peculiar 
to the shores ot the Noith Atlantic may be traced to tins bottom confommUou, 
which carries its deep, < anal-like character into Daws Strait, and between Green¬ 
land, Iceland, and Hpitzbcrgcn, certainly to the HOth parallel 

There is, howover, mm giant feature common to all oceans, nml which may have 
some eignitu unco in tho i onaideratiun of ocean eiri ulation, and oh affecting tho 
genesis and tianslalion of the great tidal wavo and other tidal phenomena, of 
which wo know *<> little—namely, that theftinge of the hi aboard of the gieat con¬ 
tinents and islands, from tho depth of a few bundled feet below the sea-level, is, 
as a rule, abruptly precipitous to depths of 10,000 and 12,000 feet This grand 
escarpment is typically lllu'dmted at the enlianeo of the Dulish Channel, where 
tho distance between a depth of 000 feet and 12,000 feet is m places only ten 
miles Imagination can at arcelv realize tho stupendous marginal featuies of this 
common surfftce-doprcssion 

Vast in extent as nre those depressed regions—for wo musL recollect that they 
occupy an area three times as groat ns tho dry land of the *»lobe, and that a 
tempeifltuio just above tho freezing-pointof Fahrenheit pleiads in tho dmso liquid 
layers rovernig thorn—life is sustained own in tho most depiessed and coldest 
parts, while in those areas equivalent in depression below tho soa-level to tho ele¬ 
vation of Kuropeftn Alpmo regions above it animal life dlmmlautlv prei ails, structmal 
forms complicated in arrangement, elegant in appearance, and often lively m colour 
clothe extensive distncls, other legions apparently foiin the sepiiliUral resting- 
place of organisms which win n liruig existed nefti tho suiface, I heir skeletons, os 
it has been graphically put, thus ** laming down m ono continuous shower through 
tho intei V) mng miles of s< a watei ” Geolopicnl foinmtions, stamped with tho 
permanency of ages, common to us denizens of tho dry land, appear, too, in these 
regions to be in course of evolution; forces involving the formation of mineral 
concretions on ft giand scale are at work , lifo is abundant everywhere in the sur¬ 
face and sub-surface waters of the oceans , in fine, life and death, reproduction and 
decay, are aitive m whatover depths have been attained 

As a question of surpassing interest in the gnat scheme of natuie, the economy 
of Ocean Circulation, allotting as it does tho climatic conditions of countries, has 
of late attracted attention The geneial facts of this circulation m relation to 
climate havo boon thus tersely summarized a Cold climates follow polai waters 
towards the equator, waim annates follow warm equatonal stieams towards the 
poles ” Wo can all appreciate tho geniality of our own climate, oepeoially on the 
western shores of the kmadoni, as compared with tho Arctic climate of the shores 
of Labrador,situated on tlio nmne paiallots of latitude, or indeed with tho vigorous 
winter climate nf the adjacent North- Vmencau s-oobonrd, even ten degrees further 
to the south Tluse, and kmdred features in other ports of the globe, havo led to 
the summarized generalization I lmvejuM; refeircd to, but the nrfioturfe of these 
movements of the waters is bv no means usMiitd to us. 

That ocean currents were duo primarily to the Undo and other prevailing winds, 
was the received opinion from tho earliest investigation made by navigators of the 
constant surface-movement of the sea. Rennell a views are thus clearly stated — 
i{ The winds ore to be regarded as tho prime movers of the cui rents of the ocean , 
and of this agency tho trade-winds and monsoon* have by far tho greatest share, 
not only in operating on the larger half of the whole extent of the circumambient 
ocean, but as possessing greater power by their constancy and olevation to generate 
and perpetuate currents, 1 ' . . . " next to these, in degree, are the most pre¬ 

valent winds, such as tho westerly winds beyond, or to the north and south of, tho 
region of trade winds.*' 

Maury, so far as I am aware, was the drat to record his dissent from those 
generally received views of surface-currents being duo to tho impulse of ths winds, 

* 1870. 10 
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and assigned to diflerences of specific grav lty, combined with the earth'* rotation 
on its axis, the movement of the Gulf stream and othei well defined ocean 
cumntfi 

V writer of the puw< nt time, gift* d with high inductive reasoning powers, and 
with observed facts brfoie him m wide extension of those investigated by lienmll, 
regaids the i unom oof an t imeuts ils me ml t ra of om grand sv stem of cuculation, 
not pioduccd by tin lade winds alone, nt r by the pit\ailing winds propei alone, 
but d>v the continued aili )ii of all th( picvailing winds of tl c globe ugaided as 
om system of ciiL ilatiou and, without «xciplion In finds tho du < ti u ot 
the mam cunuits of the globe to agree exactly with the direction f the pun ailing 
winds 

Vn ithei wiitii tl tin picsent da\, distinguished foi intcll (timl power, ind 
who pirsons]l> Ins d< \<ted miuh time in tho acquisition ot exact physical facts 
boning on the question both in tho ocean nuu oui own shor s and in the Meditei- 
innran sea, without d living tho agency ot the winds s> iai ns siuiaco-dnfts are 
concerned cmsideu that n neial Ocean Lnculation is de| cnduit on the rmal agency 
alone, lesultmg m the ino\ mcnt of a deep «tiatum of polai watcis to tho equat jr, 
and the mow mcnt of mi uppu stint urn from the equator towards the piles, the 
disl ubanc » Hiy diostatic oquihbnum being jnoduced by tho men iso of density 
uccaw iud by polai cold an l the uduction ol density occasu ned by cquit iml 
heat — and that polar coll rather than cqunt rial heal is tho pnmui i mobile »f tho 
cuculntion Vimli gous \itwa had also boon enteitaincd by ( mtmental physicists 
from aea-tompciaturo losults obtained in Russian and 1 lencli \oyages of research 
in the early prut ( f thin cult my 

’Wohau hue picsonted 1 1 us two distinct conctpli ns of Ocean Cuculntion— 
tho me to a great cvhnt confined to the surface and hemonta! m its movements, 
the other vertical extending from the ocean smface to it* bed and involving as a 
ronsequemi * that evuy diop <f water will thus [except m e nfined seas] bf 
brougl t up fa m its greatest depths t > the surface 

With tlics seveial hypotheses before us, it may be faiily considtred that tho 
problem of Ocean ( ndilation is still unsolved 1\ 4 lbly, too, tho real Holulion 
may ltqum tfi consideration of pliysual causis bevond tlu>A< which hnvo been 
hitheito acc( pted In attempting the soluti >n, it appears to me impossible to deny 
that the agency of the winds is most actrvo in bunging about great movements of 
tho surface wateis, tho (fleets of tin opposite monsoous m the India and China 
seas fiumshing coiroboiativo pi oof Again, tho remarkable thermal condition of 
tin lowei stratum of tho water in enclosed seas, as tho Meditc rranean, and in those 
b ism like aioas of tho Western Panfic i ut of! by encircling submarine ridges from 
tho sources of polar supplies, combined with th< equally rtmarkable condition ot 
cold water from a polai source flowing side bv side oi inteilacing with warm water 
from cquatonal regions, as m the action of the Labiadoi and Gulf-streams, points 
to the hypothesis i f a vertical cuculation as rUo commanding lesp^ct 

Iho tune may be considutd, however, to have now armed lor gathering up the 
many thieads ot mfoimation at oui disposal, and by fiesh combinations to enlaigo 
at least om conceptions, evtn if wo fail in satisfying all the conditions of solution 
To this task I will briefly address myself 

A giand feature in tenestnal physics, and one which I apprehend bears diicctly 
on tho subject btfi lc us, is that producing ice movement in the Vntaictic seas 
We know Horn tho oxpe nence gained in ships (which, to shorten the passages to and 
from this country, Australia, and Now /inland, hnvo followed the gieal-cnderoute, 
and thus attained high southern latitudes) that vast tracts of ice from time to time 
become disiupted from tho fringe of southern lands Reliable accounts have reached 
in of vessels frequently running dow n several degrees of longitude sndly hampered 
by meeting islands of ice, and especially of one ship being constantly surrounded 
with icebergs in the conospondmg latitudes to those of London and I lvorpool, 
extending nearly the whole distance between the meudians of New Zealand and 
CftpeEim, indeed, accumulated records point to the conclusion that, on the whole 
circumference of the riobc south of the 60th paiallel, icebergs, scattered inuro or 
less, nitty bo constant lv fallen in with during the southern summer 

Iho Antarctic voyages of D lmile, Wilkes, and James Ross aesuio us of tho 
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ongin and character of these ice-masses "which dot tho southern seas Each of 
those voyagers was opposed m his progress southward (1) ITrwllo and Wilkes 
on tho 65th paiallel, Ross on the 77th) by bniuei-chfls >f ict Ross traced this 
barrier 2 50 milts in ono unbroken line he describes it ns one continuous petpen- 
diculai wall of ue 200 to 100 feet high above tbe sea, with an unvamnff level 
outline, and piobably m ire than 1000 feet thick— <( ft mighty and wonderful object * 
Ross did n it consula this ice-barrier as resting on the ground, for there were 
soundings in 2jI00 ft it a few miles from the clifL, Wilkes also sounded m ovtr 
5000 ftet onh u bhoit distance from the b inter 

There is singular aciord in the dcscnptive accounts by AN ilke-4 and Itoss of this 
ice-rogion, they both dwell on the different es in charactei of Antarctic from 
Aictic lce-foi m ition, m tho tabular foiui of tbo upper surface of the floating ice¬ 
bergs and then striate 1 appearance, on tho extreme stvtnty of tho climate m 
nud-eummei, on the low bnrometnc pressure experienced, and express equal 
wondeuntnt at th stupendous forces necessary to break away the loco of these vast 
ire barneis, an l tho aLuiosphcuc causes necessary foi their rtptoduclion 

From Iht drift of tins disiupted icowo have fair evidence of a gnat bodilj move- 
muit of the w vtLis northward , for it must bn remembeiL.d that iu bties have bee n 
fallen m with in tho cntno (iicumftrtnco ot tin southern sens, and that the^ 
aic pushed in the South Atlantic Ocean as far as the 40th pitalh 1 of lnlitude, in 
tho bouth lndnn to tho 45th paiallel, and in the South Picihc to thi 50th 
parallel 

In tho discussion of Ocean Circulation it has bun assume 1 thatwattr flow*, 
from 1 quatoml into Antaictic areas, that is no cwdtmt so fu as I am avwirt, 
that vvairn suifaco water m the stnse implied is found south of tin 45th parallel 
Surlaco stream movement northward and eastward npp< ars to bo that p< ueialh 
experienced in tin zone between the Antarctic cnclc and that paiallel AN ith, then, 
this great bodily movement northvynrd of Antarctic wateis iniluded certainly 
between the surface and tho base, or neatly so, of these tabular irebeigs (and thus 
rt presenting a etiatum certainly some thousand fett in thickm s) tho question 
arises, llow aud whence does the supply romo t> fill tho cieated void •* Sir 
ANjville 1 homson, the loadu of the i Challenger ’ sci ntihe staft^ in one of the 
lata of tho many abl leports he has fonvaiuod to the Admualty, furnishes, I 
think, a reasonable answer Stating first Ins views os dt lived fiom study of the 
bottom temperatiuo of tbo Facifu, Ocean genciallj, bo wntc s — ( AN o can scarcely 
doubt that, like the similar mass of cold bottom-water in the Atlantic, the bottom- 
water of tho Pacific is an extremely slow mdiaught from the Southern bea lie 
then gives the reason, u 1 am every day more fully satisfied that this influx of cold 
water into the Pacific and Atlantic Oceans from tho south waul is to be refern d to 
tht simplest and most obvi uw of all causes, the excess of cvaponiti Hour precipi¬ 
tation of tho laud hemisphere, and the excels of precipitation ovtr evaporation in 
tlie nnddlo and southern ] aits of the wntu-hennspbac 

Befoio following up tho great northward movement of Vntaictic waters, I would 
draw attention to a physical feature in connexion with tidal movements, which 
possibly may be one of tbe many links in tbe chain of causes affecting Ocean 
Circulation Ihe mean tide-level (or that imaginary point equidistant from tho 
high- and low-watci marks as observed throughout a whole lunation) has been 
assumed os an invariable quantity our Ordnance burvov adopts it as the rero 
Horn which all elevations are given, the datum hul foi Great Britain being the level 
of mean tide at Liverpool Foi practical purposes, at least on our own shores, 
this mean sea-level may bo considered Invariable, although ncent investigations 
of tbe tides at Liverpool and Ramsgate indicate changes m it to the extent of a 
few inches, which enanges are embraced in an annual period, attaining the 
maximum height in the later months of the veni these have been assumed as 
possibly duo to mcteoiologicnl lather than to the astronomical causes involved by 
tidal theory 

From an examination of some tidal observations ucently made near the mouth 
of Swan River, in N\ estem Australia, during the progress of the Admiralty survey 
of that coaBt, there appears to me evidence that in this locality—open, it will be 
remembered, to the wide southern seas—the sea-level varies appreciably during 

10 * 
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the year thus the greatest daily tidal range in any month very rarely exceed* ft 
feot. but the high- and low-watei marks range during the year 5 feet. The higher 
level is attained in June, and exceeds the lower level, which is reached in 
November, by one foot or nioit\ At Eaquuuolt in Vancouver Island, fairly open to 
the North Pacific Ocean, there mo indications of tho sea-level being higher in 
January than it is in Juno , and a distinct excess of the mean level of the tide by 
several inches in December and January, as compared with tho summer months, 
was traced by tho Into Captain 11m hey, It N , at Holyhead (see Phil Trans 1848). 
If this surface-oscillation is a general oceanic feature (and some further proofs in¬ 
directly appear in the Deports of the Tulal Committee to this Association for 1808, 
1870,187:2, to which I ha\e just referred, fot mention is also made of a large annual 
tide of over three inches, reaching its maximum in August, having been observed 
at Cat Island, m tho Oulf of Mexico), wom.iy have to loeogiuzo this physical 
condition—that the waters of the southern hemisphere attain a high level at tho 
poriod of tho year when the sun is to tho north ot the equator, and that the 
northern wdeis me highest at tho period when the sun is to tho south of the 
equator This is « question of so mui h interest that 1 pioposo again to revert to it. 

Variations m the sea-level have been observed, notably m tlie central parts of 
the Ked Sea, where the euiface-water, as shown by the exposure of coral reels, is 
said to bo fully two foot lower in tho summer months than in the opposite season, 
these difieicnees of level are commonly assigned to the action of tho winds, 

Itcuuell, m Lib Invesiigaliou of tho Currents of the Atlantic Ocean, BtateflJ on 
what would appear rehvblo authority, that on the African 0 union coast tho level 
of tho sea is higher by at least six Ret poipriidicuhir in the season of the strong 
S W and southeilj winds (wlu< h winds blow obliquely into the Day of Benin 
betwem Annl and September, the mmy season also) than during the more serene 
weather of the opposite season -the pi oof being that tho tides ebb and flow 
regularly in the several mois dining the penod of stiong N W. wunds, but that in 
tho other season the same rivers mil ebb (OU«tAntly, the level of the sea being 
then too low to allow the iido-wmters to enter the moulhB of tho mors. It is 
possible that the cause, here and elsewhere, may in part bocosmioal, and neither 
meteorological nor astronomical in a tidal sense. 

These sevoial facts in relation to the variations in level of the surface of the 
ocean are interesting, and point to new fiolds of observation and research. 

Another physical feature connected with tho oremi-lovel is deserving considera¬ 
tion , 1 refer to the efieot of the pleasure of the atmosphere. On pood authority 
we know that tho height of high water m the Kuglish Channel varies inversely as 
the height of tho barometer, the late 8ir John Lubbock laid it down as a rule 
that a Hho of one inch in tho baiometer causes a depression in the height of high 
water amounting to seven inches at London and to eleven inches at Liverpool. 
Sir James ltoss, when at Port Leopold in tho Arctic seas, found that a difference of 
pressure of *608 of an inch in the barometer pioduced a difference of 9 inches in 
the mean level of the sea, the gioatoet pressure corresponding to the lowest level. 
Those results appeared to him to indicate “ that the ocean is a water-barometer on 
a vast scale of magnificence, and that the level of its surface js disturbed by every 
variation of atmospheric pressuro inversely as the mercury m the barometer, and 
exactly m the ratio of the relative specific gravities of tho water and the merouiy.” 
When we consider tho exceptionally low barometric pressure prevailing in the 
southern seas, and the comparatively low pressure of the equatorial ocean-tone# 
as compared with tho areRS of high pressure in tho oceans north and south of the 
equator (the latter features a late development by Mr Buchan), these characteristic 
conditions of atmospheric pressures cannot exist without presumably affecting the 
surface-conditions of adjacent waters. 

There is yet one more point in connexion with the ocean-circulation which I 
venture to tnink has not received the attention it demands, this is, the economy of 
those currents known os " counter-equatorial,Tkoir limits are now fairly aacer* 
turned, ai/l arc found to be confined to a narrow rone; they run in a direction 
directly opposite to, and yet side by side with, the equatorial streams of both the 
Atlantic and Pacific oceans. We know that they run at times with great velocity 
(the 'Challenger ’ experienced fifty miles in a day in the Pacific Ocean), and occasion* 
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ally in the face of the trade-wind—and that they are not merely local, stretching 
aa they do across the wide extent of the Pacific, and m the Atlantic, during the 
summer months of our hemisphere, extending nearly across from the Guinea coast 
to the West-India Islands, They have, too, this significant feature, thftt their narrow 
rone is confined to the norlhei'n sule alone of the great west-going equatorial currents, 
this xone is approximately between the parallels of 7° and 10° N , and thus cor¬ 
responds with the belt of greatest atmospherical heat on the earths Burfaco. 

That the functions of the countercurrents in the physics of the ocean are im¬ 
portant, must, I think, be conceded They appear to uct on their eastern limits as 
leaders to the equatorial currents, and, irom the seasonal expansion, which has 
been well traced m the Atlantic, are probably more immediately associated with 
some oscillatory movement of tbu waters following, though perhaps only remotely 
connected with, the sun’s movements in decimation 


A brief summary of the thermal conditions ot the oceanic basins v\ ill now enable 
us to review the salient features of Ocean Circulation, and the more immediate 
scientific position the question has assumed. 

In all seas within the tomd and temperate 7 anev, provided anv given area is not 
rut off by submarine barriers from a supply ot polar or glacial water, the sea-bed 
is covered by a thick stratum of water the temperatuie of which is confined 
between 32° and 3 j° F In tho Pacific Ocean this cold stiutum must be derived 


from antarctic sources, for the opening of ilehring Strait is too small to admit uf 
an appreciable efflux of arctic waters In this ocean the cold stratum obtains 
generally at depths below 1)000 feet from tho surface, with an almost invariable 
isothermal line of 10° F at from 2500 to 5000 ieet Irom tho surface Similarly, 
m the Indiau-Ocean basin the cold stratum at the bottom is domed from 


antarctic sources , for tho temperature of 8fPr> F. underlies tho hot suiface-waters 
of the Arabian Gulf 


In the South Atlantic, autaictic waters, with a bottom-temperature of 31 u to 
83°5F, certainly cross tho equator the lied of the North-Atlnntic basin then 
warms up to 35°marked diversities in botl^ the temperatures and thickness of 
the successive layers of water from tho surfaco downwards are found, and in tho 
Central parts of tho bosm it in not until tho vicinity of tho Faroe Islands is reached 
that arctic waters of an equivalent temperature to those from antarctic sources 
are experienced. 

Turning now to the scientific aspect of tho question •— 

The doctrine of a general Oceanic Thermal Circulation assumes two general pro¬ 
positions*—I, the existence of a deep under-flow of glacial water from each pole to 
the equator; and, 2, the movement of the upper stratum of oceanic water from the 
equatorial region towards each pole, as the necessary complement of the deep polar 
under-flow—this double movement being dependent u upon the disturbance of 
hydrostatic equilibrium, constantly maintained by polar cold and equatorial 
heat/' 


Proposition 2, in its general application os to tho movement of surfaco-waters, 
is unquestionable; but that of a deep under-flow from the poles, as a necessary 
complement, remains open to doubt Proposition 1, in its wide generality, must, 
from what we kuow of the Pacific, be confined to the Atlantic Ocean, and it 
appears to me that it is on the interpretation of the movement of tho waters m its 
northern basin that tho hypothesis of a vertical circulation, and tho potency of 
thermal agency in bringing it about, must be judged. 

Wo have followed the movements of Antarctic waters in tho Atlantic to the 
40th parallel, as illustrated by the progress of icebergs ; wo know that the move¬ 
ment deflects the strong Agulhas current, and that the cold waters well up on the 
western shore of the South-African continent, cooling the equatorial current near 
its presumed source ; tho thrusting power of this body of water is therefore great. 
About the equator it nses comparatively near to the Biirfac e. Put we now come 
to another and distinct movement, the equatorial current j and on this, I appre¬ 
hend, the material agency of the winds cannot be denied, m forcing an enormous 
mass of surface-water from oast to west across the ocean. The Gulf-stream re¬ 
sults ; and the comparative powers of thu stream, as especially influencing the 
climate of our own and neighbouring countries, together with the forces at work 
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to propel its warm wftteis across the Atlantic, bate become tho control eisial field 
f>r tho upholders of honzontal and veitical emulation Iho ono hypothesis as¬ 
signs to the Gulf-stream all tho beneficent power of its genial warmth, extend¬ 
ing e\en boyond tho Ninth f ape of 1 mop , which has been conceded to it fiom 
tho time of I liinkhu Tho otm i In pothers u duces its capacity and pvweT, con¬ 
siders that it is chsintegiah d in mid Vthmtic, and that the modified climate we 
cn]oy is brought b\ pi tv ailing winds hom the waim area aunounding the stream , 
and to this his Lh on more rocontly al hd, * by tho hoating-powci of a warm sub- 
suiface stratum wliise si nv noithwaid movement ansis fiom a constantly re¬ 
new bd distuibanct f tlumini c pulibuuiu between tlu polai and equate rial portions 
of the rtccame aua 

Without d n\ing the netm pow i of tins disturlied theunal equilibrium— 
allh )Ugli in tliis sj eual t ihi it is an abstiactiou difficult to follow — and giving due 
weight 1J the manv cogent facts winch hive bo< n brought forwaid in support of 
both view^ th le appears to bt still a connciting linl oi links wanting to accmut 
f< r the m mthein mivemints nf arctic watus which mon meat*, to me, flic even 
more remarkable as physical plion mtua thin th tramlati m ot the w irm wateis 
lrun the Gulf nticini aiea ti a high northern lititude 

ibis m )\em nt < f nit Lie watt is is f ucibly illustrated by the winUi dufts down 
Davis Strait < f the ships * Hi solute, { 1 c \ 1 Advanot, aud a puit ot tht crew of 
the ( Pol ins, when cnci >scd in pack ict, cxceodiugm some cises a thousand miles, 
smnlaily by tin winter drift ot a put ot the German e\pt htion of ]H70, down the 
east side of Giecnland from the latitude i f 72° to Capo 1 aiew 1) II to tin se t\> 
mnphswefthl the evpeiienc il l’any m his lminoiable uthmpt to leneh tho 
"Si ith Pole fiom spit/bcigtn m the sumnn i of 1827 it must be mfened that a 
p leunnil flnvd Miifu.c wat r frmi tlu pilai aria into the Atlantic ( btains, and, 
lulgingfimi tin sti ngth ot the wmt i m rlhcily winds, that the outflow is pro- 
babl\ at its maximu u sticngth m tli i aib months of the >em 

W v lun we fiiilhcl kinw that tlie northern movonnnt of warm waters gives tn 
v inti j ft laige af cts^i n of ttmpcialjpo t j the wist coast of Scotland, to the Faroe 
islands and, \l» ndmg to the coasts of Norway, as fur as tho Ninth Cape, tho con- 
Hulnation mi es wlietlier this i nwm 1 movement of waters fi m ^outturn sources 
is u >t the Jim cdiatu cause of displaicnunt of the watti in the polai aria and its 
forced Htuin al mg tho channels mdicitrd by tlnso vviutu dufls to wIiilIi I have 
ri f ned 

J hat some uni) deed fir and imsuspa led cause is the gieat agent m foicing 
Kiuthern waters int i the Atlantic polar bwm has 1 »ug foil id itsoH on my convic¬ 
tion, and I now suspict it is to the cause producing th annual variations in thi 
sea-levil (tor, as I have mentioned, indications exist ol the seas of tho northern 
homisphue hiving a higher levi 1 in wintei tli m in summer) that wo must chroet 
our attention bt (oic th full solution of Ocean emulation is accepted 

The facts ot tho annual changes of sea-level, whatev er they may ultimnt ly piovo, 
have hilhatn langcd tlum^clvis as a pait of tidal action, and so cscajel general 
atUimoo PlnsmsLs will know tho cwrqhcation of tidal phi nomena, and, if ono 
maybe permitted to sav, tho lmpfrftction of out tidal theury, cu tain it is that 
the tides on the 1 urupean c >oMa of the Atlantic me so fai abnormal, that one of 
our best ftiithouties on tho pubjicl (Sn AVllliam Thomson^ describes them (in re¬ 
lation, 1 assume, to tidal theoiy) as “megulirly simple, while tho tides in all 
other seas 1 u <ompaiftti eh cimplicated hut ipgulu and explicable However 
this nmy bf spbCiahste shoufd direct tluir attenti n t > the disentanglement of tho 
\ftimtionfl in the soa-hvi! fiom tidal ai tion simple, and our colonies, especially 
tlioso m tho southern henusp ure, would bo excellent fields for the gathering-m of 
reliable observ ations 

I am unwilling to leave the subjoct without hoeing some of the consequences 
that n*ffht be fairly considered to follow this assumed change of level in the 
North- ftlantic ba*un Wo can by it conceive the gradual working-up of the 
warmed water from southern sources as the winter season approaches, including — 
the expansion of the Gulf-stream in the autumn months, the consequent wellmg- 
up of a head of water in the enclosed and comparatively limited oiea northward of 
Spitzbergen, Greenland; and tho broken land westward of Smith Sound, tho 
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foiccd return of those glacial waters, thtn ffieaiest volume socking tlu most iluoct 
course, and thus woiluug down the Labiadoi coast ehaigrd with iti an l passing 
the American coast inside the Gulf-stream while the smalhi vilunn, leaching 
tho Inghei hiUtudts in mil VtlanlK, interlace s with tho warni Immer Avntus, 
c nixing those altt mating hands ot col l and waim anas familial to us liom the 
‘ Lightning md Pou upiu < bsu v ati ma at Iwli li at now b u g w nlccd out 
bv the \oiwcgnn (\j lining i xp dition in tin G uinment «*lup ^ u ig n 

\\ o Cm fuitlii 1 comeivethat the bug 1 iuncti n f tho ‘ t uni 1 juliiG >n 

the ninth uhli^ui cl tho pi at i qua! nml rc mis ik to act ns con luvts f i th sur¬ 

charged w at rs (t th noitli m oc ana c ms jiientcnth r rulu il cl nn n es it Us el 
The Atlantic c unlucurunt, am ki ow t \pa ids in ukectlv in tin uituii nal slum n , 
and there limy be r mo ( nucxkii bttw< u thiscvpan i< n an 1 the high level f tho 
wains said to exist in tin Uold-( on t im 1 Guinea bights at the *aiue h nsen 

AVe aie thus, as ltnppnm t mi n w uly m tin thri h Id of a Hxpe in 11 of 
lnqtuiy beaiing on the llivscil Ge ^iaph\ ct the S a 1 ut aa 1 aAf this ml\in¬ 
take tin admiiftblc discusm iswhuli liaAi tnl ui \ In 11 th \ ast i w a an, 
piodiiclno as tli a 1 fiArb u of tin maislmliing ho ts t \ il mblc fu G, will h n ht n 
the lab nil h of those a\ h a ( n n ng in th ]i i c U n Si ice is le pl\ nd bt l to, 

uud T am sine li n ui tho i wh 1 \e b tai itstlv as irked n tho p mug pu r cs 

of tho connn * th ftp lei n Oc an ( ucuhition 

UnAvillin r ly I turn li jm this mt testing nub|cc l but the d mitiGoimv timo 
and yourpati net ai imp min as fdli\vin p \ i cel nt, it is l numb nt n mo 
biu fly to miu n un 1 l then view >1 the \ssouiti 1 th lat t imocoided nu dents 
in googriphieal progie ss oi rcseaich 

The io is one ah' 1 ibing it [ ic whu h, in the c > us of a f s wee! s oieAcndaA 
may attiact pc neinl mluest I l t< i to accounts d ui \idie7 xp d turn Jt is 
possible that, while I am n aa addie mii^ ) ni, th ships * Ah it and ‘ lh*c< aoiy/ 
favoured byline s h us may Iitw m tlnir cndenoun lo u ith hi n U noitluiu 
Iatitudis ncc nuplished all that human okill and enagy can do and, bv foituitoua 
cucunistances, slxukcH heirloturn southw r aid thiougb ^mith S mud with tin same 
facility, am ha\t icason to hope as they <tft<iod a\] at we sii] p m to bo ilmt 
notabfo gateway 11 tin Pole It bo they arc now failly m l)avn Stiail homeward 
bound We must not i gard this estimate cf pioguss as Msionaiy i l, the con- 
ditiona being favourable the time ut the disposal < 1 (he a >\yr« is amj 1 Tt is 
the varying conditions of nutu season* w< mu tmiunib i that b till tho ioie- 
caets of the most ex pen < need me lie exi e its 

Should uufa\ unable conditions, <>i the tleiisi n of the Chief d tain tho ships 
another year in then icy qunilti* aa r hn\e inidon 1 1 Lope tlmt advioui will n acli 
us of then Avherenbjuts in the spring f tins year I ho spnited i ute^uso ot tho 
wcll-tiaimd arctic Daxi r alAi, Allan Aouug, fcuppoiU 1 ns In his boui by the 
Government oilers a mho guaianteo that the loinis Nares and'■stejhcnson will 
1)0 ably seconded in their eitorts to keep up communication AAitli then ecuntrinieu 
Here again we mu&t not foigot that buflhng conditions may dtfeat the intentions 
of tho command is to cciumumcU m timo with the ebpc ts at the portals ot 
^mith funnel 

Tins piolon n ed bauishmuxt from mtei'Couiso with the out< i woild howe\ei, was 
a contingency anticipated and proa idi d foi by that nl 1 a f ommitti o of arctic 
cfhceis who, with a full Pen«o of then lespon^ibihtv, ho fulli nd\is d 1 Uo Govern¬ 
ment in tvery phase of this mtional uneftrtakuig \ Ihuburntntaiy papa, pub¬ 
lished during this session giies the fullest piutieular) relating t »the progress ot 
tho expedition and the sttps Avhich have b«*en tals.cn to cominmucato with their 
depdts 11)110 is a long chain of cc ntingeucics to be allended to, as will be seen 
cm reference to the intuesting details therein given , but I \mtuic to think that 
not a link is missing, uthu in tho conception or in tho means ] lovided, to bnng 
the undei taking to a successful issue 

There is one feature to be kept in view —which fiom the exceptional conditions 
of ship-navigation m tho icy regions of tho far north is rarely lcnlued, 11111188 by 
those who havo had actual experience m jpolnr sen te, and it is this, that bolwoeu 
the time of tl e disruption of tho old ice in August and tho fox in at ion of the new 
m September the 10 exists a vciy shoit period when ships aie fru to move I'hu 
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period of open or paitially open water may be shortened by unfavourable circum¬ 
stances, ana wre wm/I, it may be assumed, however, that in a straight fairway 
channel such as Smith Sound, it almost always does occur, and ns the return 
southwmd, on account of the duft, is alwavs more tRsily accomplished than the 
advance north, the groat probability is that, if th( ships remain out another veai, 
it will be the result of dt sign i itli 1 ! ban ac (1 h nt 

By the Vaili m entai) pupil* r lating to tki expedition it will be sum that, in 
tho event of the non annul ot the 1 Vleit and ihwovery dunng the autumn 
of Lius year, a relict ship \wll b d patclud to i rendezvous in Smith Sound dming 
the annum i of 1 ^77 

Withregmlt) tfnea oxploiation and discovirv have procoul d with acce’e- 
rated strul s duimg’ the past h w >ears 1 un si ico the uccut date of Oamuous 
lemarfeablo J minev acuis* thi i utin nt lmjoitxnt ad htnns have been made to 
the iftpidh tilling 1 up imp of tli intern t M st ot these additions relate to the 
great lake s i »*aidm *■ which our ltn >wl dge w as pieviousI\ \i\y incomplete and 
unsatHl ictoi\ thus Ah ’ioun* the n nee 1 Zambesi tia\ elh i, w ho under¬ 
took hi*t >( u ti lead the Scotch Mission try parfv to Lalce Nvassn has succeeded, 
afW establishing tlio mission m settl mint 1 Iwingstoin. 'at tlu southern Old 
of the like in reaching in a steim launch the n rthou oul ol this great fresh¬ 
water ata hn ling it to be full) one bundled nubs huger than was previously 
believed llis i ninny was made m lebrunry of the present var, and in. the 
following month the still mon impelf < 1 lv known lake, Vlhi rt Nyanza was suc- 
cessfulh navigate lb two boils undtr Signor Of *si who was despatched ior this 
purpose by (. domlti id n tlu pits< nt Uovunoi of the new equatorial province 
of tno khednos donum the dt tail* cd Signor (Jcsm s mteiesting exploration, 

communicated by himself to the I*r *1 lent >t the T{o>al Gi ographicftl Society, 
have only lecmtly nnche ! / i I ind, and it is pioposed to rend them m the course 
of the present nutting 

A third and equally imp 1 taut exploration ot the same class is that performed 
duung the same oailv muitha of the pieaent \car by that energetic traveller Mr 
Stanley Alter circumnavigating the much largoi neighbouring lake, ViLtona, 
an 1 pioving Sprk n much di puted ( stimati of its dimoini >ns to be approximately 
corint In uumIi 1 Im wu> across the dlfhcult tinct of country separating tho 
\ 11 ton t and the Mbcitlnlr s reaching the shores of tho latter in tho middle of 
Tauu try I ess f a tun itely situated thnn Signor Gevu, wh > embarked on tho lake 
twi mmtha lit r, St ml y was unable to launch lus bo it on tho then unexplored 
southern p irtions ot Us watt r* A comparison of tht accounts of the two travellers 
shows lb it we aie y 1 1 far fiom 1 nowing the true dime nsions of this great sheet ot 
water Sign n Gessi 111 fact did not liaili its southern oxtiemity, and as Mr 
Stanley appears to have struck 1 U shores at a point nbmt thnty miles further 
south than tho limits maiked hy the ltn inn tr wetkr the lake must bo considerably 
1 ingor than 140 miles as estimated by (he latter Stauh y sub*equentlyj>n>cctded 
south and explored the ki languid river of Speko, thcnco striking foi Lake Tan¬ 
ganyika, the examination of which lit intended to complete 

flew (ruuua lias of late attiacted some attention both at homo and in tho 
Australian Colonies, rather, however from political than geopaplucal considera¬ 
tions Our interest is t f course m the latter nud 1 am glad the mooting will 
have the advantage of the presence of a gentleman (Mr Octavius Stone, recently 
ainved in Lngland) who has distinguished himself in iho exploration of the 
south-eastern shores of this distant, lutlo-known, and baibarons legion, to him 
we must refer for the latest geogiapbn al tacts 

With your permission wo will now enter on tho Bubjocl^mattcr before (he 
Meeting 
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On a new Route to the Sources of the Niger. By A. Bowden. 


On the Specific Gravity of the Surface-water of the Ocean , as observed during 
the Ct utse of H.M.8. * ChallengerBy J. Y. Buchanan. 


Oh a new Deep-sea Thermometer. By J. Y. Buchanan. 


On his Journey through Equatorial Africa . 

By Commander V. L. Cameron, ll.N., C.B. 

The author Raid that soon after entering the country from the east coast he came 
to a large plateau, 4000 feet m height, encircling Lake Tanganyika, and forming 
the watershed betwoon the Congo and the streams flowing into Lake S angora. 
Another tableland to the south rose to the height of 3000 feet The watershed 
between tho two basins of the Lualaba and the Congo at that part is a large, 
nearly level country, and during the rainy season the floods cover the ground 
between the two rivers, and a great portion of it might easily bo made navigable. 
On? thing he noticed in Africa was this system of watersheds, dividing the 
country into portions, each having its own prculinuty, and also that in each there 
was a difference in the habits of the natives, Within twenty days ho crossed the 
Nsagra Mountains and came upon a level open country whero a great quantity 
of African corn was grown, the stalks of which rose to the height of from 20 to 
24 feet In this country no animal cotild live except the goat, the tsetse fly being 
destructive to all others. The pnncipal geological formation was sandstone. A 
few marchos brought him to Ugogo, an extensive plain broken by two ranges of 
hills, composed of loose masses of granite piled together in the wildest contusion. 
Tho soil was sandy and stenlo. Coming to the country of tho Ugari ho found & 
tribe almost identical with Unyamwesi The principal streams of this district fall 
into the Mulgarozi. Unyamwesi was the commencement of the basin of the Congo 
lie believod that the nativ es of Unyamwesi were of the Malay race; they had crossed 
a great deal with negroes,and haa lo8t the distinctive colour and distinctive marks 
of the race, but their features were much the same as the dominant races in Mada¬ 
gascar Ugaro is a large plain very nearly quite flat The people here were 
different from the Unyamwos.ans, they had not got the some features or the 
same tribal marks. After passing over the mountains of Komendi, which are an off¬ 
shoot of the mountains round the south end of Tanganyika, they came to a fertile 
land, much of it laid waste by the ravages of a neighbouring tnbe. All the moun¬ 
tains in that district were of gramto. There was there a largo quantity of salt, 
and what was remarkable was that the rivers ran perfectly fresh through soil 
winch, when the natives dug wells, gave water which was full of salt At Ujiji 
the people are of a different race from those already described, as they shave their 
hair differently and have not the same features. Along Lake Tanganyika in some 
places there were enormous cliffs and hollows of rugged granite lying in loose 
boulders, in other place* the cliffs were of red sandstone, and in others a sort of 
limestone and dolomite At one place he saw exposed on the shores of the lake 
large masses of coal. Passing down to the south end of the lake, he found it 
regularly embedded in cliffs 500 to 000 feet high, with waterfalls discharging 
themsel \ es down the face « 

Travelbng along the aide of the lake he came to tho Lukogo, a largo river more 
than ft mile wide, out partly closed by a sort of sill on which a floating vegetation 
was growing, a dear passage, however, being left of about 800 yards. After pro* 
ceednig some four miles up the river, the author's boat got jammed amongst the 
floating vegetation which grows to the thickness of two or three feet, and it was 
with difficulty the boat was extricated. The Kasougo country was next reached, 
the principal characteristic of which was the extraordinary trees, of which boats 
n fathom wide ore sometimes made. Crossing the mountains of Bambara lie 
arrived At Mamyuemba. Here be found the race entirely different from any thing 
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he had yet seen The houses were differently built, the people were differently 
armed, dressed their head differently, and there was no tattooing to speak of. Tho 
villages were built in long streets thirty or forty yards wide, tw o or three streets 
being alongside each other, and a space left between the houses, which were of 
reddish clay, with sloping thatchod roof—the only houses of that description he saw 
in tho intenor of the country All tho Mamyucmbans are cannibals. Journeying 
northwards, but still in Mainyiu-mba, a district was reached where iron was \ery 
plentiful, and where large forges were at work. Many of tho spears and knives 
which they turned out looked as if finished off by a tile or polished bv Home means, 
although all done by hand-forging and patient labour Tho Lualaba Knerwns 
next reached, which is about 1H00 jards in bieadtli The southern shore is occu¬ 
pied by a tribe called the Wagcnga, who do the whole carrying business of the 
mer, being the only canoe proprietors, who tako for nay the products of tho 
country to the diffeient nmikets. The young women maac immense quantities of 
pottery in the mud and bock water, winch they exchange lor lull 
After referring to a country between Ny w augi and Loaim, where a palm-oil grows 
in great profusion, the author said that he traversed Kilemba, and reached Lake 
Kigongo Tins lake is covered with floating vegetation, on which the people 
build their houses, cut a space round about them, and so transform their habita¬ 
tions into floating islands, so that when dcsirablo they change tho locality from 
one place to another. Coming to the coast ho passed through one of the ttost 
magnificent countries m the world to look at, possessing a climate hi which any 
European might live Tho Toitugueso had been settled in this neighbourhood for 
thirty years The whole of this country was just ono vast slave-field. In the 
countiy there was a vast mineral wealth and an ordinary population that, with 
education, might be rendered very industrious instead ol carrying on a continual 
warfare against eru h other for tho purpose of obtaining slaves 


On las Recent Explorations in N W. New Guinea. 

By Signor U E. Ckeruti. 

After several visits to the islands and part of the mainland on the north, the author 
was in 1800 sent out by Count Menabrea for tho purpose of making investigations 
preliminary to the formation in New Guinea of a penal settlement, he secured at the 
same time means for turning his expedition to profit geographically. He believed 
that a great part of the region from the Xulla Islands to New Guinea, and perhaps 
more to the north, had been Bubject to very important volcanic action m an epoch 
not very far distant, and one could see the work now going on, the western coast 
showing gradual subsidence. But whatever the origin of the islands, they were 
now covered with a vegetation winch he had not found equalled in luxuriance in 
any part of the world. He urged in strong terms the colonization of New Guinea. 


Obsecrations on the White Nile between Gondokoro and Appuddo. 
By Liout. W. H, CirirrijauLL, 1LE. 


On Perak and Salangore . By W\ Barringtgk D* Almeida, 


Observations on the Conventional Division of Time now in tus, and its Dis¬ 
advantages in conneaaon with Steam Communications in different parts of 
the World, with Remarks on the desirability of adopting Common Tims 
ovw the Globe for Railways and Steam-Sfop*. By Sandpord FumiKe. 


On the Site of the Grave of Qenghtz Khan . By Professor Forbes, 
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On the Samoan Archipelago. By Litton Forbes, M D. 


On Ahem and its People % West Africa Ihj (,'fipt J H May. 


On the Geological Distribution of Oceanic Deposits. By J Mummy 

These deposit* were stated to be of three classes —first, those which wcie found 
all round the continents and islands existing over the world, without any exception, 
but which vanod according to the places where they were found , secondly, ihusu 
found at from 200 to 300 miles from the land, consisting of shell and lime doposit*, 
and omonng most of the bed of the ocean , thirdly, those existing at other depths, 
and which wvio of siliceous character Obsen.iljons had shown that ft cunouft 
relation existed between the natmo of the deposits and the depth of the water. 
It was also pointed out that m the neighbourhood of \oleanic islands, and in no 
other places, were found large deposits of manganese, routing iho sheila and ether 
things brought up from the bottom 


On the Islands of the Com! Sea By Kerry Nichols. 

The Coral Sen embraces that poition of the Pacific Ocean extending from the 
south of New Guinea, westwaid to the coast of Austialia, southwaid to New Cale¬ 
donia, and eastward to the New ITchiides. The Now* llebiides’ banka and Santas 
Cruz Islands, the author said, are nn almost continuous chain of iuitilo volcanic 
islands, extending for a distance of 700 miles, between the paiallels of 0 45' and 
20° Iff south latitude, and the meridians of UT>° 10 and 170° 33' ea^t longitude. 
Eapiritu Santo, the largest island of the aichipolngo, was soventy-hvo miles long 
and forty miles broad. The geological formation of the islands was c ompoaed of 
volcanic and sedimentary rocks Tno chain of primary volcanic upheaval might be 
traced running in ft general course longitudinally through the lslunds always m 
their longest direction, the axis of eruption being marked by active and quiescent 
volcanoes. On the north end of the inland of Ynnu Lava tlieio were extensive 
springs of boiling water, solfataras, and fumuroles The hot springs were of two 
kinds.—some were peimaneut fountains where water was in a constant slate of 
ebullition, others were only intermittent, and the water became heated at certain 
intervals, when it varied from a tepid device of heat to boiling-point The phy¬ 
sical features of the islands were remarkably bold, and betokened at first sight thm* 
volcanic ongin The plains, tablelands, and a alleys of the mountain region were, 
many of them, of considerable extent. 


On a Journey across Finland % from ElUnborg to Archangel ua Kemu 
By Ref. J. Pvtersox. 


On 7 'ravels in Tunis in the Footsteps of Bruce. 

By CoLR. L. Playfair, H.M. Consul-General in Algeria. 

The paper gave a narrative of the author's observations made in the course 
of a journey in Tunis over places Visited by Bruce about 176.1, There had been 
recently put into Col. Playfair’s hand for publication a large number of Bruce’s 
sketches, of which his Barbary sketches wore, he said, the most interesting, form¬ 
ing about 120 sheets of drawings, completely illustrating the archaeology of North 
Africa. In these circumstances, the author bad determined to follow Bruce In 
his joumev, and to satisfy himself ns to the present condition of those interesting 
rums, which were almost unknown to the modem traveller. 


1 ? 
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On some Points of Interest in the Physical Conformation and Antiquities of the 
Jordan Valley . By Professor Pobteb. 

The general geological structure of the valley, the author said, was lime, and of the 
same age as the basin of the Sea of Galhlco, and its suiface was flat. The breadth 
varied from three to ten miles, extending a httlo towards tho east, and from the 
nature of its thick alluvial covering, it was of more recent formation than the 
mountains, of which the soil was the deposit, the valley having heen at one time ap¬ 
parently a lake The River Jordan, as it at present existed, could have had nothing 
to do with the formation of the valley itself. He recommended to the notice of 
men of scienro that geological remains on tho site oi Sodom and Gomoirah pointed 
to an explosion of bitumen much later than the ordinary geological formation, and 
probably within the histone period, 


Notes on the River Putumayo o> ftouth America . By A. Sihi 


On his Recent Journeys in New Guinea, By Octayivs Stone, 

The island extends in a south-easteily direction for a distance of over 1400 miles, 
having a maximum width of 460 miles and a minimum of only 20 The neigh¬ 
bourhood ot the Baxter River and the entire shores to tho west of the Papuan Gulf, 
for an average of 100 nnles inland, were low and more or less swampy, being inter¬ 
sected by wateicourses and covciod with forests of mangToie-treos. This part of 
the countxy was thinly populated by the J)andt$ Papuans, who in consequence were 
subjected to penodical raids from tho adjoining islands of Borgu, tkubfu, and 
Dftun, the invaders generally returning victorious with tho heads or jaw-bones of 
their slaughtered victims The only trace of cultivation he saw was 80 miles up 
the river, wheio a spaco of six acres had been neatly fenced round and planted 
with yams, taras, sugar-cane, and tobacco. Outside the enclosure were two or 
three uninhabited bark huts, which appeared to afford shelter to these roving 
p30ple, in which they prolonged their stay as game was more or lees plontiful. 
Traces of wild boar ana kangaroo were observed in the Upper Baxter No other 
large animal was known to exist. They were hunted with the bow and barbed 
arrow, while the war-arrows were poisoned by steeping in the putrid carcase of a 
victim until sufficiently saturated. The district of tho Baxter River contrasted 
strikingly with the Fly River discovered by Capt Evans, whose banks foT 60 miles 
Bwarmed with human beings. The author's impression of the western coast was 
that it would prove a grave to such Europeans as should choose to reside there. 
This part of the country was inhabited by the Papuan race, a dark race of people, 
though not ho daik as the Australian n^gro, and one of cannibal propensities, The 
extern peninsula, on the other hand, was inhabited by the Malay race. Of this 
race the author thought they had come to Ifew Guinea from islands further east, 
sjme of them making the change at a comparatively recent date This race was 
fu above the savage, both m intellectual and inoral attributes, They were culti¬ 
vators of tho soil, oach having his own plantation, and strongly opposed to the 
cannibalism and polygamy which obtained among their western neighbours the 
Papuans, The women, too, of the Malay race were not debated as among the 
dark race, but mixed with the men, with whom they shared the management of 
public affairs Tho Owen Stanley mountains ran through tho centre of the country, 
from south to north ; and the east country was, on the whole, fav ourable to culti¬ 
vation, and probably possessed great mineral wealth. It accordingly offered suffi¬ 
cient inducement for colonization, but colonization, if attempted, would require to 
be set about with much previous consideration, owing to the peculiar situation of 
toe peninsula and the circumstances of the people* 
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On the Temperature obtained in the Atlantic Ocean during the Cruise of H.M.S* 
( Challenger■* By Staff-Commander Ti/vbd, BN. 

O\or ft great portion of tho Atlantic the bottom tompeiaturo lias this peculiarity* 
—If the depth bo than 2000 fathoms, we iind tho temperature at the bottom 
lower than that of any intermediate depth, but when the depth exceeds 2000 
fathoms, wo lind that the bottom tcnipeiatures aie nearly tho same as they are at 
that depth. This holds pood for three fourths of tins ocean. In tho remaining 
fourth the temperature obtained at the bottom is much lower than in the other 
parts, and this tourtli is not at either oxtieme, wheie there is a large current of 
surface cold, but occupies tho whole of the western portion of the Smith Atlantic 
as far north as the Equator Tho results of these tempemtmes may by classified 
thus —If an mjnginnry lino be drawn from French Guiana to the westernmost island 
of the Azoic*, and from thence noith on the wostein side of tins line, the bottom 
tcwpeiatuics at depths cxcooding 2000 fathoms are 35°, Hint is, taking the mean 
of all the temporal urea obtained, winch differ but slightly On tho eastern side ot 
tins line the bottom temperatures are 35° ,i, and this uniform temperature appears 
to extend ns far south as Tnstnn d’Acunha, as the Geirnan frigate ‘Gazelle’ ob¬ 
tained similar bottom tewpeiaturea enstv\rndof the line joining that island with 
Ascension to the southwaid of a line joining Tristan d’Acunha with the (Jape of 
Good IldjKs The bottom temperatures are umdedly colder between the eastern 
(oast of South Amencft and a line joining Tristan d’Acunha and Ascension Island , 
mid from the Equator to the southwaid tho bottom temperatures woiy lmanably 
colder than at any intermediate depth These tcmperatuios ^in.d from 31° to 
&‘1°5, that h, when the depth exceeds 2000 fathoms, and IcmpeiatiirO'. ot less 
tlnm 3J C were found «s far north as tho Equator, while a few miles northward 
this bottom tempt raturc was 35° It therefore appeals that in tho western portion 
of tho South Atlantic the highest bottom temperature is leas than the lowest 
obtained obewfure in this ocean, excepting wheie the \ery low lesult of 20° was 
found bv the f Poicupuiu’ in 1H01) betw een the Faioe Jsh s and tho north extreme 
of Scotland. Tho question thus arises ns to tho causes which confines this cold 
water to tlio bottom portion of tho western half of the South Atlantic The 
examination of tho soundings Aihich had Wn taken in this ocean, combined with 
the results of their temperature, loads to the conclusion that theie is a senes of 
ridges dividing its bod into two basins, ono of which occupies the whole of tho 
western portion of the North Atlantic, while the other extends tho whole of tho 
length of the ocean on its eastern side, and that the cold w^ater m tho western 
portion of the South Atlantic is owing to there being no obstruction between tho 
bed of this portion of tho ocean and the bed of tho Antarctic basin, and from the 
results of tho serial tempo] attires* soundings it would appear that theso ridges can¬ 
not exceed 11)50 or 2000 fathoms in depth. To ascertain the thermal condition ot 
tlio Atlantic (from the surface to the bottom), serial temperatures were obtained 
in the * Challenger * at 150 positions, obsenatmns having been made at eachJlCO 
fathoms to 1500 fathoms m depth, and frequently at, sai, 10 fathoms to 200 fathoms 
in depth, at each of these positions An examination of theso tempciatnres shows 
that between the parallels of 40° N. and 40° 8. there is a much larger amount of 
warm water m the North than in tho South Atlantic, and that in tho equatorial 
regions the isotherm of 00° is much nearer tho surface than in tho tempeiato zones, 
but that the isotherms below 00° arc at nearly as great a depth at the Equator as 
in any part of the South Atlantic, especially at tho isotherm of 40°, and that 
between the parallel of 30° and 4CP N latitude the isothei m of GO? occupies a 
depth of 300 fathoms over an area of 1,200,000 square miles, while the average 
depth of this isotherm between the parallels of 80° and 40° 8. latitude is 1H0 fathoms; 
also that tho isotherm of 40^, which is at an average depth of 800 fathoms across 
the North Atlantic, between the parallels of 30° and 40° N. latitude, occupies only 
half that depth in any part of the South Atlantic. This phenomenon may be ex¬ 
plained in the following manner The power of the sun indirectly heating the water 
below the surface appears not to extend below 100 fathoms even in the tropics; 
and this power decreases as the higher latitudes are reached, until a position 
is attained where the temperature is that of the freezing-point of salt water* As 
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salt water at its temperature of congelation is denser than at any higher tempera¬ 
ture, its weight would cause it to sink, and it would in time, did no other cause 
intervene, occupy the whole of the space m the ocean not influenced l)y the sun's 
heat. But in considering the effect oi the heat imparted to the surfaces, we have 
also to consider the effect of evaporation and precipitation In the equatorial 
regions evaporation is rapid, ho that the stirface-hlm would become cleared through 
increased salinity were it not for the inemwod tempera tore and large precipitation, 
as well as to its being transpmted by the factum of the trade-winds anit earth's 
motion to the westward This sinfiu e-hlm, constantly moving westward in the 
equatorial regions, meets in the Atlantic with an obstructing point of the South- 
American i ontint nt, wlm h dmets it to the northward, ho that the greater pffit of 
the water dnrcth heoted by the sun's iftis in the tropical regions in forced into the 
North Atlantic As the ^ability of this water is greatei thau that of the (subjacent 
layers, and its in< reaped temperatiu’e only rondel's it lew den^, directly a portion 
falls in tumpeinturo in the loldtr regions of the temperate zone, the surface- 
film sinks and imparts heat to the water beneath (\>nscquently the isotherms 
will be found at greater depths where the heated suiface-hlnnj am constantly 
descending than when, owing to their being leas dense than the subjacent layers, 
they remain on the surfm e 


ECONOMIC SCIENCE AND STATISTICS 


Adthess by Sir (lioiu.71 CAMpari l, K C S.T , M.P , D C.L , Piesident of / hr 

Lconoiuu Sation 

I fjcfl a diflieultv in undertaking the Pienidency of this special and important 
Department of the Bntish Association, in this great city, which contains so 
many men maulers of so iminy branches of economic subjects. But, Scotchman 
as I am, I have felt that I could not decline the honour proposed to mo in the 
commercial capital of my own country; and I remember with pride that perhaps 
m no place in the Butmh Empire could economic subjects oe discussed with 
ho gieat advantage Other places have Rpecial industries. Glasgow has many, 
and she excels 711 them all. 

I understand vt to be the object of the Assonation that m the trextmont of the 
subject* presented to us wo should study, m this as in other departments, to follow 
as tar as may be a strictly scientific method of inquiry, not lapsing into the dis¬ 
cussion ^of political details, but attempting to ascertain the principles on which 
economic results are founded, and to dehue the main lines of economic truth It 
may not alwavs be possible to draw the boundary between science and practice) 
but I am sure that we shall all try as much as possible to avoid matters which 
mvohe party 01 personal question*, and to maintain n calm and scientific attitudo 
in our treatment of the many subjects which come within the range of this 
Section. 

The Section w,is originally callod that of “ Statisticsand all economic inquiry 
must be based on or tested by Statistics. At first sight Statistics expressed In figures 
might seem to constitute the most exact of sciences; but iu practice it is far other- 
wiw\ In nothing is bo great caution necessary ; there is too great temptation to 
reduce to figures iaets which are themselves not sufficiently ascertained; too often 
an exactness is claimed for these figured results which is altogether fallacious and 
misleading | In fact there is a use and an abuse of figures; and ono is sometimes 
tempted u^sjmpathize with the cynical philosopher who said that nothing is 
more mudeading than facts, except figures. It is especially necessary to distinguish 
between figures which are really ascertained, and those which arc merely drawn by 
deductions from rough and conjectural facts, A fklse appearance or exactness 
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should not bo given to these latter For instance, IF we take the geographical 
area of a country to be so much, and aasumo the density of population to be at a 
certain rate per square mile, we may work out a very precwe figure, and yet m 
reality the result is not at all precise 

There is very often fear that Statistics are sought out and adapted to suit a pre¬ 
conceived theory. Another misuse of Statistics jh this, that when they are used 
to tost certain capacities and qualifications work is directed and shaped to meet the 
statistical test, and tho results thus obtained become misleading. In such a case 
it is necessary very frequently to chango the form in which the statistical test is 
applied 

Bearing in mind, however, the necessity of guarding against abuse, there can 
be little doubt that statistical science is ono of the most important instruments 
and necessities of nur time, especially m this country, in which we are somewhat 
deficient in that science First, we mjuiro statistics for the direct ascertainment 
of facts for practical use, for instance, the statistics of production Agricultural 
and manufacturing statistics arc of thegieatest practical importance to the farmer 
and the manufacturer. Wo arc almost wholly aestitute of agricultural statistics. 
How groat is the contrast m America and other countries, where great attention is 
paid to these subjects, and every farmer in the country is kept informed of very 
much that itw most important for him to know! 

But thore is a second and almost more important use of Statistics, viz. the culti¬ 
vation of economic suonce by tho inductive method It is by collecting, verifying, 
and classifying facts that we are able to approach economic truth There was a 
time when it seems to have boon supposed that political economy was a science 
regulated by natural laws so fi\ed that safe results could be attained by deductive 
reasoning. But Hinoe it has become apparent that men do not m fact invariably 
follow the laws of money-making pure and bimple, that economic action is affected 
bv moral causes which cannot bo exactly measured, it becomos more and more 
evident that we cannot safely trust to a chain ot deduction, we must test evoiy 
step by an accurate obseivatiou of facts, and induction from them. This is, it 
seems to mo, the highest function of Btahsticnl science we recognize that men 
are not more uiftLlmie-i whose course may be set and whose progress may be 
calculated by a simple formula. Men aro complicated beings, whose mind* and 
motives of action we do not yot thoroughly itnctarstand , wo cannot foretell what 
they will do till we are sure that we know what in fact they actually have dona 
and do in a great variety of circumstances In propoition as wo attain that 
knowledge, we become acquainted with the main agent in economic science, and 
make advances towards a knowledge of that science 

Whon we seek to undoistand economic history and economic institutions, it is 
seldom that all tho necessary materials are ready to hand in our own country and 
our own age. We must search for them far and wide We seek to recover 


economic history, generally very imperfectly recorded in times whon the science 
was little understood And at the same time there is a kind of contemporaneous 
history of which very much use may be made. We may observe facts, and may 
obtain statistics iu countries which arc 1 in stages of human and economic history 
very different from our own As the history of plants and aminaU is recovered 
from goologicol records, so we may recover niuen of humanhistory by studying 
man in the early, middle, and more advanced stages of civilization. We of this 
country, who rule over so many lands in so many parts of the world, have special 
opportunities for this kind of economic study In my own experience I have been 
particularly struck by the light thrown on our institution! by a comparison with 
those lately and now existing among the different peoples of India India is in 
truth a country of many peoples, and there is there infinite material for the human 
archaeologist who would study the earlier pluses of human history among the 
primitive aboriginal tribes, still in what l would call the earlier stages of 
existence. We may there learn much of the origin of tho institutions which we 
have long come to look on as almost part of our nature— of the earlier forma of 
property and marriage, and many other things. The fortunate connexion with 
India of that great scholar, Sir Henry Maine, has led to a great amount of light 
on the connexion between the East and the West. At present I would only 
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allude to one or two points in what I call the middle history of man, directly 
leading to our modem institutions, in respect of which I think that much may be 
learned from observation in India. And in India we are not now left to mcro 
individual observation only A very substantial commencement has been made 
towards the lutioduction of statistical science and the collection of statistics of 
tolerable value, in that country. For some yenrs past groat attention has been paid 
to this subject by the Government 1 may venture to say that I myself, when 1 
hold office m that country, have done all that was in my power to promote stalls! ical 
knowledge; and a number of earnest men have done the like As usual in the 
commencement of such inquiries, our difficulty has not so mudi been to got figures 
as to keep our statistical figures down to those which are pietty lelinble AVo 
are thoroughly aware of the necessity of caution in this respt ct, and wo beliov c 
that we are gradually coming to the point when we can saj that wo have soma 
very valuable statistics on a v cry large scale. 

( 3 f the history and use of local Institutions we may loam veij much m India 
That country was, loealh speaking, ono of the most self-governed countries in the 
world, in native times In all parts of this island, while the civic (onstitutions of 
the ancient BurgliH have been preserved, the self-governing institutions of the 
country at largohav e almost entirely disappeared, leaving only ft few fossil remains 
to testify to their previous existence. On the continent of Europe the old Com¬ 
munes retain a good deal of vitality. But it is in India under native rule that wo 
see these institutions in full vigour and working order That little republic, the 
village community of India, has come to be looked on aa an interesting old relic 
rather than ns the subject for modern mutation In my opinion we may draw 
from it a very large store of economic knowledge which may be very useful to us. 
I grieve to say that philistine and self-satisfied as we are, prone as we are to believe 
that there can be no good thing that is not our own, instead of supporting and cherish¬ 
ing the self-gov errnng Indian Communes, and taking from them an example 
for our own country, wo are permitting them to fall into decay. They owed in lact 
their cohesion ana their durability to pressure from without, to the necessity of 
the cose, which made self-gov eminent indispensable to their existence Our strong 
arm bos removed that external pressure, and in our self-conUdent spirit we have 
substituted our pretentious but imperfect and uncertain Courts for the rough but 
reliable village ride of former days. I believe that the more we introduce into 
India true economic science, the more it will bo apparent that we have taken on 
ourselves too heAvy a burden, that too groat centrolir&tion is n mistake, and 
that, in a country where political freedom on a large scale is impossible, the only 
satisfactory resource is a large measure of the local government to which the 
people are accustomed. 

The tenure of land is another subject on which great light is thrown by Indian 
experience After an intimate acquaintance with the tenures which we there 
find in existence, and those which our sjstem has created, wo seem to have before 
us a picture of the rise and progress of property in land. Putting aside tho older 
forms of property, we have had in India many examples of the feudal tenure 
of a conquered country by chiefs and subchiefs holding in subordination one to 
another and ruling over communities of cultivators, some of whom were free and 
possessed of certain rights and privileges, and others were in a servile position. 
Among the communities holding land we have manifest tracos of the old system 
of partition and repartition, wb have before our eyes the gradual disuse of that old 
system and the gradual growth of the individual tenuie of the lands under tho 
plough with common use of the pasture-lands, the wood, and the water, on a 
tenure strictly analogous to that or English Commons. We have the atrugglo 
between the Lords and the Commoners, and questions between the Commoners and 
the landless members of the community, just os we have had in this country. 
Then we have the growth of English ideas of property in land. We have the 
overlord, the Zemindar^ no longer holding in fen dal tenure and receiving 
customary fluee and services, but turned by us into a rent-receiver. We have the 
atraggle of the rent-receiver influenced by our ideas to turn the privileged culti¬ 
vator into a tenant sure and simple, to appropriate the Commons and to establish 
absolute property. We have the emancipation of some cultivators as copyholders, 
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the subHidenco of otheis put into rackrented tenants-at-will,and then into labourers 
All these stages in the tenure of land we have in tho Indian c mnlms wliuo the 
Zunindor s)stem has prevailed In other parts of India, wheie the Government 
has recognized tho ngnts of and dealt with the Kjot« dirut wt hi\e the raj id 
dev< lopnunt ot small property in land with all the incidents ot that form ot 
proputy with which in many parts of I nrop wo mo familiar 

ihui wi have another process guing <u in all piopertiea, *nnll and gloat 
At hrsL tho holders of tho land aio content to pay, as they nlwavs have paid to 
native ml rs, tho bulk nf the lent to the State or to the feudal lud, letnimng ftr 
themselves only certain dms and peiqmsitea Under our system the Stuto rent 
is limited, a portion oi it is surrtndcicd to tho landholder* I rom tnno t» time, 
under the lutluomc of 1 nglish ldt as, that poitnm left to tho lu^der of the land is 
increased In one gicnt pioviuco the as^c^smcnt rend* re l pujitunl in tho last 
century has become *o light ns to b< ratlur h moderate land tax than a unt In 
olhei piovincts n mudtiato Assessnunt fcxt d for nveiv 1 mg penod becomes a verv 
light assessment before tho tud cf that penod, as the coimtiy pic grew s and 
vnluos mcreftse, the sh ue of th( landlioldei become, s leigcr ot*i} day he learns 
to sjend that shar \\ h< n the tune fm leviMon cf nssossnnnt comes lie ltMsts 
any veiy largo < i snhhn incipa^t and the (t >v eminent moie and moie vulds to 
his dunands thus giadaully jioputy in land in the ] ngliMi sci m is established 
Tenancy by capitalist farmers under c ipitnhst 1 mdloids wo have n >t }t t come l» 
in India 

The subject ul small cultivation scans to dome a new int ie4 in a new qimtu 
from what is now taking plate m it gard to tho t mancipated Vfru uns in tin 1 mled 
btates of America and elsewhere I imdorstand that the ouhivatKU vvlut h Ins 
already made the product of the A mem an cotlcu deducts almost or quit iqunl 
to that heforo the war, is for tin most the cultnati n of small indcjaiident mgin 
cultivators who raise eotton on a system much the same as that under which tho 
R)ot« of India oi Meta)us of Italv cultivate small fauns lluie s cn h to lo 
among the dark races of India and Africa a dislike to regular hiltd labour, and a 
preference for mdcpuident Inborn on their own account, which mnl es them prefti 
email forming to service oi at all events leads to thui doing bell i work on their 
own farms Ihcre lina been, I think, a disposition ti undu value tho ogucultural 
skill of the Indian rjot And if it should prove that in ndvano d Vmonca, under 
free institutions, the cultivation of an article of great vitlue and high quality is best 
earned on b> email blade iarmeis wo may well bdievo tlmt in other countiies, 
too, great rt suits may be ohlaimd by the same system I ho eoUlinir down to 
honest labour of the Amtrican freedmen is an example full ot jionnsi, 1 liopt, lor 
the African race throughout the world If in all the countries where tin state 
of black freedmen is still unceitam they can be thus settled, n great end will he 
achieved And m Vfriea itself we may hope that in oountms now tom hy war 
and slavery a guiding hand may lead the African lace to peaceful prosperous, and 
happy times 

I merely instance these as coses in which economic piobhms mav be studied m 
their several stages in couutucs othei than our own I cannot attempt to pursue 
these subjects at present 

Proceeding to another branch of economical science, I cannot but think that tliue 
has been passing before ua of late a v erv great deal to bmig home a v iow with which 
I have before on othei occasions dealt—that curtly evpieced in the homely saying 
of Walter Scott, that 4 ‘ it is saving rather than getting that is the mother of 
riches ’ What an extraoidinary economic lesson is nad to in m the results of tho 
late Fiench war! Tiue, the I rench have been politically humbled true, they have 
been obliged to pay a war indemnity of crushing magnitude Rut wlint has fol¬ 
lowed P Misfortune has taught tho 1 rench a lesson of economy and pi udence, 
triumph taught the Germans a lesson of pnde and extravagance The Trench 
have retrieved their losses, they are at this moment commercially the most pros¬ 
perous people in Europe; they bear without difficulty or distress a taxatiou far 
larger than that of any other country in the world, while the German*, who 
launched out into extravagance on the strength of the vast sums pud them by the 
Ftanch, are suffering greatly from exhaustion and commercial collapse j their trade 
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is bad* their manufactures are discredited, their people are disheartened. The 
French are a peoplo of small proprietors and small capitalists; they hft\e not the 
great masses of accumulated wealth that wo have in this country in the hands of 
great capitalists Hut their wealth is more generally distributed among the people, 
and in their hands it fructifies at least ns much in the end ; if there are not such 
high profits, there are not such groat spendings Looking to tlioir capacity of 
bearing taxation, to the general xveUbmug ot the people, to the verv general pos¬ 
session of small piopcrtv, it nmv oil be a question whether, after nil and ill spile 
of wars and misfortunes, Franco is not quite us prosperous a country os ouc own, 
and quite as happy a country. 

This at least is certain, that small people working for themselves, if they do not 
earn more, at least woik more zealously and save more than those who work as tho 
hired labour* v< ot others I am inclined to think tlmt, treating the matter scien¬ 
tifically, the Jnet•>» will justify ua in reducing it to a law that the small mail who 
woiks tor luniM-df is a tluiftx man and saves, while the hired labourer is seldom so 
saving and pmdeiit NVhy is this J I think tlm explanation is to be found in tho 
habit of forethought and inaiingomcnt whu h is mvensaril^ engendered in the man 
who, not hung on daily wages, u bound in sonm dogice to tako thought for the 
morrow, to c ilculate lua v\a\B and means, to husband h b resources for a rainy day, 
to make foroeasta of tho provision for himself and Ins family. To this T attribute 
it that the small French proprietor, tho InMi farmer, the Indian ryot, the Scotch 
weaver (who is unhappily parsing from us) are or were all waxing, thrifty men. 
Where will )ou hud a bettor class than the old Scotch handloom weaver, tho 
careful, thoughtful, well-educated, independent man, the owner of his own cottago 
and patch ot garden ground, generally prudent, and always ready to hold his own 
m argument p No doubt modern mechanic i make more , but do they accumulate 
more? The habit of living upon weekly wages diminishes the necessity for fore¬ 
thought Tho piaclito of migrating in Rcarch of tho best market takes away the 
desire to own a house and garden 1 think it cannot too often be repeated that 
tho great economic question of the day is to reconcile the modem arrangement of 
capitalist and vvoikmen with sufficient Incentives to prudence and economy; that 
la tho problem at the bottom of all plans of cooperation, and of most of tho questions 
connected with Tiados’ Ininns and tho liko. 

Very intimately connected, too, with this question is tho groat and most difficult 
Subject of pauperism Poor Indian r^ots manage to get on without Poor Laws 
beenuso they are piudcnt self-workers. Tho poor Irish farmers for the most part 
do the same. In most European countries thoie are no pour laws Yet when the 
people of a country' are reduced to the position of labouiers poor laws become & 
necessity. It is found in pi nctice that peoplo living on wages do not moke the 
same provision for themsolvos and their helpless relations that self-workers do. 
There nas been a strong disposition to meet tins tendency by a more severe ad¬ 
ministration of the poor laws, by driving poor people into the workhouse I con¬ 
fess that I doubt tlm efficacy ot this sv stem , at any rate I flunk it may be carried 
too far, and I was glad to hear Mr \Valler of the 1 Times * make a manly stand 
against it m his place m the IIouso of romuious 

It is for ua to treat the matter scientifically, and to consider the principles on 
which poor-relief is founded. The Scotch are a logical people, and they are in¬ 
clined to take the v icw that payments to the poor-rates are a kind of insurance. 
They pay rates when they are well-to-do, and thev think they are well entitled*!*) 
pensions from the rates when they are disabled. Is this view a correct one P or If 
not, what is the real principle of poor-rates and poor-relief ? I think that these 
are questions which must be answered by those who would take a severe view of 
the relief system I am inclined to doubt whether English doctrinaires or central 
boards can much improve on our careful and prudent system of out-door relief 
administered by local bodies who thoroughly know their own people. 

Even if jkne permitted I would not venture to deal witu great commercial 
questions It. ®ie presence of those who so much better understand them; but there 
is one question of pressing importance at the present time to which I must allude, 
the more as it ts much connected with the country of which I have a large per* 
eonal knowledge, India; I mean the silver question. He would be a bow man 
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indeed who would prophecy the value of silver as compared with gold a few years 
hence I certainly shall not attempt to do so There are countries, China espe¬ 
cially, of which we know very little, and I apprehend that tho course of the silver- 
market will very greatly depend on the action of the States of tho Latin Union 
and tho United States of America. The disposition of the Government of India 
Rooms to bo to adopt a wailing policy , and there are not sufficient data to enable 
any one to pronounce with confidence that this course is wrong. i( When m doubt 
what to do, try how it will tinswoi to do nothing,” is a maxim of much value 
Tho only plan to which personally I have a little inclined is to put more silver into 
the rupee, and that would not be safe till we nro sure that the change m tho 
relative value of the precious metals is permanent 

On one point only in connexion with tins subject I should like to say something 
further. The belief has been expressed, and the Sdvor Committee liaw accepted the 
suggestion, that India is likelv to absorb an increased and increasing quantity of 
silver for cunencj purposes This I gieatly doubt It is said that in many parts 
of India silver is yet little known for purposes of exchange, most transactions being 
conducted by tho primitive method of carter This 1 think quite a mistake I 
have as wide an experience of India ns most meu , and I know no part of India 
whoro traffic is by baiter for want or lgnomnce of coin, except the most remote 
hill regions of the most s/vvago and unexplored aboriginal tnbos which are yet 
hardly known on on geographically The Hindoos are a very old people , tliev used 
coin freely when wc had none, and they have not forgotten tho use of it I should 
say that tho special feature of their transactions is the use of a great deal of coin m 
cases where wo should uso note^, cheques, or bills And my impression is the 
opposite of that which has been suggested. I am inclined to think that as more 
modem ways are learned less coin will be required, not more When I first wont 
to India lory large quantities of coin were hoarded. Every prosperous native 
prince who managed his finances well according to native ideas hoarded very largo 
sums in coin On the occasion of successions, minorities, and otherwise we ascot- 
tained the rosily of these hoards Tho weight and power of a prince or noble was 
estimated by his store of treasure So m grades below, them was much disposition 
to put by store* of rupees , and tho prosperous peasant, like the Frenchman, either 
buried rupees in Ins lmt or made them into ornaments for his family—a little 
capital to be converted into cash when necessity arose Till very recently paper 
money was wholly unknown , and even yet it nr used but to a vtry minute degree 
compared with its use in Furopean countries 

Now that the country is more opened up every day, that there U morn confidence 
in tho British peace, that now channels of enterprise,.new wauts and ideas are 
developed, I believe that the habit of hoarding coin diminishes Natives, princes, 
and nobles spend their money in many new ways. When they accumulate they 
lend it to the British Government to make railwavs in their territories, or under¬ 
take enterprises of their own, or put it in u Government paper** Smaller people 
travel by railway, enter into speculations, and utilize their money instead of hoarding 
it. In one direction, ns people become richer the ornaments on their wives and 
children may become more v aluable ; but in another direction, them is leas hoirding 
of capital in" this form. 

In a country where tho coin of legal tender la so bulky os silvcrtherc is much 
greater occnmon to use p iper money freoly than where tho currency is gold I see 
not why,.ns confidence m our note'? increases, they may not come to be used teu, 
or twenty, or fifty times as much as at present, why notes for largo sums and silver 
for smaller sums should not constitute the currency for transactions above 
those for which copper suffices If the tendency of things should be at all in the 
direction which I have indicated, it would follow that while we might understand 
the absorption of a vast amouut of silver in the past half century, we might also 
suppose that the tendency thus to absorb that metal will not continue. 

I would ask your permission now to turn for iv moment to the subject of educa¬ 
tion, and to suggest that here of all things there la the amplest room for substituting 
scientific inquiry and a scientific treatment of that great economic agency for the 
empirical system hitherto followed. Let us try to work out What are the objects of 
education, and by what methods they may be best attained. How far and at what 
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stages of tho progress of the young human being is education useful as a mental 
gymnastic, ana how far and when as a moans of communicating positive knowledge 
to he retained. As a mental gymnastic, which are the faculties most to be culti¬ 
vated ? and in which, bo}8 or girls, are particular faculties to be drawn out l' (Jan 
we classify and distinguish the faculties of the mind—distinguish memory from the 
reasoning power for instance v 

I am inclined to think that under the present hophtwaid system a boy generally 
gets that mental training winch he len^t wants Tho boy with a good mcnion, 
who does not need the excessive development of that fiicultx, docs woik depending 
on memory bocauso 41 ho lias a turn for it,” and his reasoning powers remain dor¬ 
mant for ever Tho only boy whoso lensoning power* aro exercised by Euclid is 
the rare boy who has a turn for that sort of thing, and who does not need such 
a gymnastic. 

Then, when we come to the acquisition of knowledge, can wo not distinguish 
the knowledge to bo turned to use in alter life ? Is there no distinction in tho 
teaching of boys destined for one t »pheie of life or another Y In England, at any 
rate, du not tho chains forged by degrading endowments tio down almost nil to 
the same dull routine‘s I* the knowledge of tho things, Ihe creatures, and the 
uses of the world put in due pioportion to mere empirical learning v I ask all 
these questions without pretending to answer them , but I do again venture 
to fctiggeBt that education at present, of all things, requires scientific inquiry and 
scientific treatment Wo must even, in d( ding with education, go to the bottom 
of things, and inquire how ftu qualities are born, and how far they aro produced 
by association and education 

.Vs legards the education and employment of women, h not thero great 
room foi scientific inquiry on the question how far tho mind of w oman differs from 
that ol man v Is then* not, in fact, a very considerable menial difference between 
man and woman, just as there l* a considerable Iwdily difference ? Is not woman, 
to some extent at least, a different (reatuio from man, so that we may in some 
sort predicate that under certain conditions a man will act in one way and a woman 
wiUact m another way, in tin* wuno manner (though not iu the same degree) aa we 
can predicate that a dog will act m oneway and a cat m another Y To sorao 
digico I am inclined to think that there ts some natural difference, and that this 
difference must bo taken into nccount in determining tho treatment, the employ rnent, 
and the functions of women 

It is because I thoroughly sympathize with tho desire of so many women of tho 
middle classes to find useful" and honourable employment for themselves that I 
think scientific inquiry mto the economic capacities of the creature woman most 
necessary. If we can once roIvo that part of the problem, the rest will be com¬ 
paratively easy I feel suie that thero aro many functions, whether they depend 
on nimblonoas of finger, sympathy of heart, or quickness of intellect, for which 
women aro especially fitted, while theie are others for which their nature is less 
fitted and in respect of which they will do well to avoid an unequal rivalry with wan 

As education fits a man for his duty in the schemo of economy, so dissipation of 
various kinds unfits him, and we eau hardly exclude from economic science the 
effect of tho abuse of stimulants I was going to say use nud abuse, but I think it 
may be doubtful whether there is any real uso for stimulants at oil In dealing 
with tho matlei scientifically, it seems very necessniy to inquire how far the appe¬ 
tite for various stimulants is connected with questions of rnco and i lunate, and 
what is the comparative effect of pure stimulants and those which have tt narcotic 
dement It does seem that man when lie has the chance will indulge in somo 
luxuries, and tlmt drink cannot ho stopped by pleaching alone. Perhaps the best 
hope of a remedy may bo to dipcover the means by which innocuous enjoyment 
may be afforded to him m consonance with his constitution and tastes. It may bo 
u question fairly open to consideration whether the whisky of the Scotchman is or 
is not as injurious as the semi-narcotic beer of tho Englishman. And then wo 
hare the 1 «er question, whether the wholly narcotic opium of the Chinese is worse 
than or a* Bad as the alcohol of European countries. 

I have been led into the suggestion that these things are very much a matter of 
race by observation of the very singular way in which in Asia the populations are 
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divided into those who use opium and those who use alcohol, according to race 
lines, even in countries where the facilities of obtaining the one or the other aid 
precisely similar In the east of India I found that the consumption of opium in 
the various districts was just in proportion as a 1 uranian or Chinese ekment pre¬ 
vailed in the population lhe \ryan races of India never tako to opuun in a very 
great degree, except in the case of some of the Sikhs, whose religion prohibits the 
use of tobacco Even m the districts where the poppy is almost mmersally culti¬ 
vated by the Ryots (and they supply the opium whicn the Chinese consume), it is a 
happy /act that the native population does not take to the common use of opium, 
and there are no greater aj mptonis of the ill effects of the drug than in districts 
where it is very rare and dear—far less so than in districts where the cultivation is 
not permitted, but whero there is on Indo-Chinese population I cannot but 
think that such race pioclivities open up an important field of inquiry 
brom so fertile sources of crime as drink and other stimulants one not unnaturally 
passes to justice and the repression of crime, as essential to economic salety and 
prosperity No one who has experienced the vast relief obtained by tho change 
from a cm le aud undigest d state of the law to the use of codos can doubt tho 
immense ad\antagea ot codification It is lory greatly to be regretted that so 
little progress in that direction has been made in this country Not only would 
there be the great diuct gain^ but theio would be this enormous ad\antage. that in 
a codified ehapo lhe laws of the three kingdoms might bo assimilated The very 
greut juiidical advantages which wt p s^t»s in many respects m Scotland would bo 
communicated to the sister kingdoms and on the other nand wi should obtain in 
Scotland some modem reforms which we need M o ah uld gtt ud ct that whoek- 
lug anomaly and hindrance to business the nt c<s^ity ct passing in tho same legis¬ 
lature separate laws for Lnglaud and Scotland, only Tbocnuet theio is a diiltrence in 
the legal phraseology and some of tho details I have been much stiuck b\ tho ex¬ 
treme ignorance which prevails in Fngland regarding our Scotch cnminal sjstem 
The world is ransacked for examples in legard to such questions, as for instance, 
the examination of the accused, and yet there is not one well educated man m 
Lnglond in a thousand who knows that in his own island, at his own door, there is 
A system of criminal procoduie most ladically different fiom his own, and, ns I 
venture to think, very worthy of Fnglish mutation Who in England has the least 
idea of the wholesome Scotch system under winch the first inquiry includes the 
examination of the prisoner before lawyc rs are pu nutted to sec him, and the record 
for judicial ub© of the statements which he makes P 
After judicial inquiry comes pumshmont, and here 1 am incknedto believe that 
the civilized woild is still very much at fault I think therein still immense room 
for scientific discussion on the subject of punishments There are some great sub¬ 
jects such as sanitati m and punishments in respect of which I believe that the* xperts 
claim a certainty and a knowledge which has not xot been attained On tho cen¬ 
tral}, I think there is still every thingto bo gained by inquiry and experiment 
conducted without prejudice or preconceued conclusions lhe mere shuttmg-up 
a man in prison with nit soveie tieatment is by no means a suflicient deterrent to all 
natures, and when w e seek to be severe, w e clash with modem notions of humanity 
In one shape, indeed, there seems to be a disposition to revert to a form of torture— 
that is, by tlogging Y<t after a great experience I am mjsdf much convinced 
that of all forms of corporal punishment flogging is the most unct rtain, ineffective, 
end dangerous In a light and simplo fonn it is good for juiemle delinquents, 
whose offences are petty, and whom we would not contaminate bv a first imprison¬ 
ment And flogging is to some natures a material addition to other punishments. 
But as soon as we try to carry it be} ond this we are placed in thu dilemma, that 
a flogging which is tafe is an Jnsuflicient punishment, a more severe flogging is a 
sort of lottery nineteen or ninety-nine men it may not barm, tho twentieth or 
hundredth it will kill I icalE behevo that it would b( sVer to cut off a finger or 
an ear than to attempt to deal with senous offences by flogging cmlv 
It is because I think we do not yet fully understAnd the suenoe of punishment 
that I am myself opposed to a too uniform and centralised system of pnson manage¬ 
ment. I thoroughly admit that there is much room for reform in regard to the 
number of oui jails and for improvement in the management of many of them. 
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Measures to c«tj out these objects I would gladly see. But, doing so much, I 
would still both retain in this as in other things the services of the many experi¬ 
enced local magistrates who in this country give so much time and attention to 
local business, and leave a considerable latitude for souio variety of treatment and 
somo facility of experiment in regard to the treatment of criminals. 

I do not attempt to go into further detail on these subjects. I am sure that it is 
bettertbat I should notaetainyoulonger, but should give place to the many interesting 
papers which will illustrate this Section^ and which will, I trust, lead to many im~ 

? ortant discussions. If the scope of this Section is somewhat wide and perhaps 
ess defined than that of other Sections of tho Assoc’ntion which deal with more 
precise branches of science, it at all events includes a variety of subjects of much 

f iractical and immediate interest If only on the subject of silver currency some 
Ight can bo shed, great good will be done, That subject will be treated by \ery 
able hands, and wo shall nave the advantage of men ot groat practical knowledge 
in discussing it. Other subjects I might mention which will bo brought before you 
in papers oi great interest, but they will speak for tbemsehus, and I need not 
enumerate them here. 


Agricultural Statutus* By WiLLUH Botly. 

The author stated that this was a continuation of a previous paper On Agri¬ 
cultural Statistics and Waste Lands ,T The antiquity and utility ot agricultural 
statistics m the far East, where they opeiated os a stimulus to production, gave a 
knowledge of their resources and averted faimro. The elaborate sjstem thereof 
now adopted in our Australian colonies he considered worthy of imitation by the 
United Kingdom and all its dependencies, remarking that tne entire cost of the 
Bengal famine (£(1,688,000), with the sacrifice of life and its demoralizing effects, 
might have been prevented had a thoroughly good leoord of cultivation and its 
outcome been in operation in India Of the acreage of Great Britain and Ireland 
(77,600,000) there were in 1876,— 

In com crops . .11,300,030 

Hoots and green citips. . . 6,067,020 

Flax, hops, fallow, and grasses under rotation , 7,086,128 

ent grasses, exclusive of heath and mountain-land, 
ed for. ... . 30,186^211 


Total... 


77,600,000 


Cattle. 10,162,787; increase in three years 444,282 

8heep.33,401,948; „ „ „ 1,246,306 

Pigs . 8,406,107; decrease „ „ 682,833 

Horses .... 1,876,861; „ „ „ 68,020 

The decrease in pigs is accounted for by tho high price of barley &c, The import 
of grain, flour, and meal in the fifty-two weeks ending August 25, 1870, was 
116,018,694 cwt. It is estimated that we import about half tho com we consume, 
and 14 per cent, of our consumption of meat alive or cured. We consume 
33,697,783 cwt. of + bee£, mutton, pork, hams, and bacon. Estimating the popula¬ 
tion at 83,000,000, each man, woman, and child* in the United Kingdom consumes 
annually 114 lbs. weight of meat, exclusive of poultiy, fish, game, and rabbits. 
With reference to waste lands the author advocates legislative encouragement and 
security fej the outlay of capital, with skill and enterprise In their cultivation, 
wheie tb * was a reasonable prospect of a profitable result. The returns showed 
an increase of 173,470 acres in cultivation on the procedmg year, which, as far as it , 
went, was satisfactory. In conclusion, he observ ed the present time is favourable to 
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its extension * the people emigrate who are willing to work, sanitation asks and 
supports it, political economy requires it, philanthropy suggests it, the money-market 
favours it, the rate of discount being but 2 per cent. When capital and money 
is a drug nt 1 per cent, how can we better employ it than in the incieased and 
improved cultivation of the soil, with the invaluable satisfaction of giving healthy 
employment to tens of thousands of the people, and permanently increasing the 
value of our property both individually and nationally ? 


The Economy of Penalties. 

By the llev. John 8. Burt, Chaplain of Bro uhnoor Asylum. 

The problem which economy is called upon to solve, stated in its simplest temn, 
is either to achieve a given result with the least possible expenditure of force, or 
with a given amount of force to achieve the greatest possible ie*ult 

But the pioblem u seldom presented in a form ho simple, either the great©<t 
attainable result m not known, oi the available foice n not deteiruined, vvlmo vari¬ 
ations in the force used involve complications with other force*, and therefore also 
complicated results Accordingly the problem generally assumes this ulteiior form • 
when the cost of the force used is deducted fiom the value of the le^ult, to deter¬ 
mine the point at which the excels of value m greatest 

This is the form which the problem ultimately assumes m the economy of 
penalties 

The result to he attained at in the use of penalties ts by no means determined 

The general opinion w that penalties ought to be aimed at the complete repre*- 
ftion of crime This opinion was countenanced by Archbishop Wkatcly and by 
Mr Bentham , but this opinion is inexact and misleading. 

Lawlessness in a population w restrained poweifully by other moral forces Ante¬ 
cedent in their action to penalties. Penalties aro a sujtpkmental force, they are 
thrown in as “ make-weights,” 

But the incentives to crime which overpower those other antecedent force* 
counteract also the action of this supplemental force. It is a matter of universal 
experience that the complete suppression of crime is impossible. 

Between what is effected by those antecedent forces and what cannot bo effected 
by this supplemental force theie lies an undetermined amount of preventible crime. 
The prevention of more or less of this preventible crime is the lesult which ought 
to be aimed at by penalties 

The amount or preventible crime, and the point at which the crime-rate b affected 
by an increase or a decrease of penalties, b to be found by a study of what may be 
called comparative ci'xmxnahty. There ore great fluctuations in the rate of the 
commitments to prison among the population generally and in different localities. 
But these fluctuations do not follow inversely an increase or a decrease in the use 
of penalties; on the contrary, for more than naif a century the amount of crime in 
its graver formsjand the severity of punbhraents for them,have gone on decreasing 
concurrently. Thb b evidence tliat heretofore penalty hav e been used in excess 
of their proper deterring power. 

Of the cost of penalties* 

In an eoonomy of penalties there are three eubsidiaiy economies—namely, an 
economy of pain, an economy of labour, and financial economy. 

In this paper the economy of pain b alAne treated of. Until the exact point b 
found at which the amount of crime varies inversely with the increase or decrease 
of punishment, the problem b to keep crime at a giv en level with the least possible 
expenditure of pain. 

The infliction of pain in excess uf what b necessary b cruelty. States cannot ■ 
lessen the happiness of thousands of the population by severe penalties without 
incurring heavy costs to the nation. There b a lessening of loyalty, and theie is 
often a revulsion of feeling produced against the Government. There are more 
than 100,000 commitments to the prisons of England and Wale* every jear. 
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There are more than 27,000 persons lying in those prisons constantly. I# from 
turning at a mistaken result one thira or one half of these persons are kept in 
prisons in excess of what w necessary, the amount of the nation's happiness is 
lessoned to an extent by no means tntling. 

In administering the penalty of imprisonment, the economy of pain leads to a 
conclusion in f av our of compressing the penal element into shorter periods of time 
under a rigorous separate discipline, instead of expanding it ov er longer periods of 
time in association. 

The longer sentences tell upon the faculties of prisoners, the soveio discipline 
does not. 

The popular opinion that a separate discipline cannot be prolonged beyond twelve 
months is founded on error The objection shows that the principle of the separate 
system is not correctly understood The evidence is conclusive that a separate difr- 
cipline nmv bo enforced furlong terms with peifect safety Now and tnen injury 
to the mind may be produced, but tho coses ought to bo very rare Injury both to 
mind and body will occasionally result from any form of severe punishment, oven 
curative processes Homctimo* do great injury 

Tho mo of chloroform is occasionally fatal, but this does not overthrow the use 
of it If at any hospital tho deaths from it were frequent, tins would bo evidence 
that it was not administered properly It is the same with the separate system of 
prison discipline. 

The economy of piison lrtbom and financial economy are necessnuly passed ovei, 

If tho principles advocated in tho furmer papers vveie acted npon, one thkd or 
one half or the cells in county and boiough prisons would be left vacant 

If the principles advanced in this third paper wore acted upon, those vacant cells 
would bo filled with prisoners undergoing penal servitude, and the convict prisons 
would be nearly emptied 

Fmlber investigation of these principles is invited. It is submitted that they are 
based upon laws of man’s moral liatiuo, which govern even gicomments,and which 
states cannot contravene with impunit). 


On the present extent of Slavery and the Slave Trade, with a reference to the 

Pi'ogress of Abolition since the close of the American War, By the liev. 

Aaron Bducott. 

Slavery now pievoilcd m Turkey, Egjpt, Persia, Tunis, Morocco,"Madagascar, 
Portugal, Spain, Brazil, Afghanistan, and in the dominions of the Keyyid of Zan¬ 
zibar, nna amongst the different tribes of East and Control Africa Every continent 
shared in this great crime In Turkey it was a vast national institution, degrading 
the dignity of labour, demoralizing domestic relations, and paralyzing the influences 
of modem civilization. Portugal had tho will but not the power to abolish slavery 
throughout her territories. From 0000 to 10,000 slaves were annually conveyed 
from the Portuguese coasts of Mozambique to Madagascar. Kpoin stood alone 
among the nations of Europe in resolutely maintaining slav ory in Cuba. At the 
lowest estimate it was computed that 70,000 Afileans yearly crossed tho sea into 
slavery, and, accepting Dr Livingstone’s estimate of the numbers massacred by 
slave-hunters and perishing on the route to the m-conet, it was computed tnat not 
leas than 600,000 weie amiuallj sacrificed. Tho author questioned the efficacy of 
having treaties for the suppression of slavery, when these were only meant to 
worry petty Arabs or African chief*, or the Kin v id of Zanzibar, while other and 
stronger nations vyeTe left to do whr.t they wished. He then pointed out that at 
tho close of the American war 4,000,000 of slaves were set free, and he was glad 
to say that America at this moment was more sdv ere against complicity In slav ery 
tlinn even English law. And now that America had lent her influence on the aide 
of the slave, he thought there would be no difficulty in abolishing slavery, Por¬ 
tugal had defied that the slaves in some of her islands should be free, but it was 
questionable Aether the decree was in any measure operative. The Queen of 
Madagascar in 1874 issued a proclamation granting freedom to all slaves imported 
since June 1806 (the date of the treaty with Great Britain, America, and France) j 
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but there was no evidence that one slave had been freed through that proclamation 
Even to late as last year Arab merchants openly exposed slaves for sale in the 
capital, and no attempt hod yet been made to give freedom to the mosses of slaves 
who were nati\ es of Madagascar After referring to the exertions made by Dr 
Kirk, through whom the Sultan of Zanzibar had been brought to make the treaty 
with England, he said that, according to Lord Derby, the Foreign Office was m 
communication with the Turkish ana Fgyptmn Governments with a view to the 
suppression of the slnv e trade Thus far has the slftv e trade been abolished, but 
the progress of this movement depended entirely upon a strong public opinion 
Circumstances were propitious and an earnest effort might now realize all the 
sacred conditions of Bntish freedom 


On some special Evils of the Scottish Foot Law By Alfx M'Nbel Caird 

The autkui, after referring to the position of the poor people Ik foie the dis¬ 
ruption, and the fact that m some measure it led to the pasHing of the Poor Law 
Act of 1846, said that m Scotland the parish mimstei and live of his ejders were 
entitled to liie-wats at the Parochial Board for managing the poor, w hile m fewei 
than one m ee>en of the whole parishes an equal number of members were per¬ 
mitted to be elected by the ratcpajeis There were *120 parishes out of 811 in 
which the elected numbers woie restricted bp the Board of Supervision to a third 
of those entitled to seats by reason of ecclesiastical office Thuo wen not a few 
paiisbes in which only one member was permitted to bo elected Thus a perilous 
system had grown up of men w ho c mtnbuted little, hav mg the pov\ er of spendiug 
the money of ratepa) ers, who had no v oice in then appointment and no powei to 
remove them The constant vigilance necessary to keep pnupeusm within bounds 
was not likely to find a place under such a system Then the advance of expen¬ 
diture for the poor in Scotland was found in 1847 to bo £113 015, and in 1875 
£794,910 In England in 1847, the expenditure was £5,298,787, and m 1874, the 
latest report, it was £7,004,057 while in Ireland, in 1852 (tho earliest report he 
could get), the sum expended was £884 200, while in 1875 it was onlv £771,553 
In Ireland there had been a reduction instead of a growth in the total cost, even 
including able-bodied, where the population was only five and a half millions, 
whereas in Scotland the population was only throe millions, and the able-bodied 
bad no claim on the rates That was explained by the known excess to which out* 
door relief was earned on in Scotland undor ecclesiastical managers Of 170,787 
receiving relief m 1874, only 7752 were m the poorhouso while m England only 
one m five of the poor were put on indoor relief, and in Ii eland foity-four were m 
the workhouse for every thirty who got outdoor relief Tin indi pendence which 
formerly characterized the Scottish peasantry had been undeunmoa and destroyed 
through the facility with which outdoor relief had been given An illustration of 
the lax management was to bd found in the extent to which loose women of the 
parish—unmarried women with children—received stipends from the poor-rates, 
fB&bhng them to bve manifestly to their neighbours in greater ease than others of 
their rank In the Stewartry of Kirkcudbright there w ere found on the rolls eighty- 
eeven dissolute women having 207 children, of whom only three women having 
eight children wero sent to the poor ho use One parish m that comity stood among 
the highest in Europe for bastardy In January 1875 there were in the southern 
district of Scotland alone 741 women with 1473 illegitimate children receivixur 
perish relief, and m another district, in May 1875, thtre were on the outdoor rdfl 
M0 c»ses of single women with illegitimate children Could it bo wondered, there* 
fore, that under such a system, patronised by the Church and its ministers—nude? 
tfa&dly no doubt, but very effectually—-the growth of immorality m Scotland 
dhbtild have become so appalling Thd anybody believe that if the management 
y rere substantially in the hands of Christian men, elected by those who pfoa$$6d 
th* funds, that such a system eould In e for three months P 

Another evil was the area for rating and settlement That in Scotland Wat 

» sd to parishes in Fngknd there were only 647 of such areas, while in Soot- 
there were 804 In England the population to etch area w a* 36$72, while it* 

‘ * 679 . 10 
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Scotland it was only 4260 , and London, with a population equal to Scotland, had 
only thirty* Nearly one in three of these areas m Scotland had fewer than 1000 
inhabitants, and every tenth parish fewer than 600 That caused a great inequality 
of rating between neighbouring parishes, and a multitude of petty administrations 
with limited views and increased expenses, and continual mterparochial conflicts. 
As an instance of that, he mentioned that in the Barony parwh of Glasgow alone 
there were commonly between 2000 and 3000 undetermined cases of settlement. 
Again, the law of settlement was adverse to freedom of liberty, and the effect of it 
was that a man whose settlement was in a small parish was practically limited to 
the inhabitants of that parish to find customers for Ins labour, Tt operated by 
creating a fictitious interest, in oveiy land- or house-owner, farmer, and ratepayer 
feeling it their duty to prevent a man being in their palish long enough to obtain a 
settlement there The held for a labouring man vs as therefore physically limited to 
narrow bounds round the place where he lived, and any arrangement which artifi¬ 
cially increased his difficulty m obtaining a house in another district, where he could 
have steadier work and better wages, was a source of oppression to him. The law 
of settlement in narrow areas had loti to the pulling down of houses and restriction 
of the accommodation of labourers in county parishes m Scotland, and one result 
of that was that nearly one third of the whole people of Scotland liv ed in houses of 
one room That was a fact which required to be enforced on the Legislature, ui 
order that wider bounds of settlement might be adopted, as had beon done eleven 
years ago m England 


On the part tn the Operation of Capital due to Fixed or Limited Amounts 
invented in Trade By Hyde Clvrkb, FS S 

The author stated that it was populail) consult*ied that capital in its oxce'w or in 
its deficiency was uniform m its influence in all branches of commeice, and ho 
called attention to branches of liados wherein the amount of capital indicated could 
not practically bo increased A loady-money tradesman, as a baker, might be 
quoted as au example, and the total of such operations was large In England, 
France, and Germany there were a number of persons engaged in such trades, the 
savings of which in times of prosperity wont to form a fund for the larger opera¬ 
tions of commerce, and the disturbance of which aggra\ated the seventy of a period 
of pressure. 


On recent attempts at Patent Legislation . By St. John V. Day, C.E. 

The author holds that the Lord Chancellor’s Bill of 1870 is entirely contrary to 
what is wanted for the maintenance of an efficient Patent Law, ho points out the 
insufficiency of the numbers of examiners for which the Bill provides Examina¬ 
tion can be and ought to be effectually carried out 

The paper contains statistics for the requirements and practice advocated, 
shows on what grounds it L desirable to maintain the existing practice of granting 
provisional protection upon the filing of a provisional specification, the practice 5 
preparing abridgements is unnecessary, and serves no practical end, as in all cases 
it is essential to refer to the complete specifications themselves. 

The author also discusses the clause of the Bill dealing with whAt tho examiners 
are to report upon, compulsory licenses, &c. 


On the Importance of extending the British Gold Standard > with subordinate 
Silver Coins , to India as a remedy for the inconvenience in India of a rapid 
Depre mtion of Silver, By W. Neiuok Hancock, LL.D . 

It was obvious to those who had read the report of the Committee on the Depre¬ 
ciation of Silver that the British currency occupied an exceptionally satisfactory 
position for meeting the great fluctuation in vtuue which silver was undergoing, 
in India, under the government of the East-India Company, the primitive arrange- 
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ment of a silver standard was allowed to remain; and this unsatisfactory state of 
matters continued till 1837, when, although a new rupee was established, the use 
of silver as a standard was left unchanged The result lias been that the depre¬ 
ciation of silver has produced a most serious disturbance in the exchanges between 
this country and India, and has disturbed trade and monetary transactions in India 
generally One of the cause? of disturbance was the discovery of the fertile silver- 
mines m California; and he regrottod to fray that there was no guarantee against a 
further and f-till rnoie disturbing fall in the \alue of silver, like what took place in 
the sixteenth century after the discov ery of the silver-mines of Potosi Had the 
assimilation of the Indian and British currencies taken place in 1810 or 1833 no 
difficulty would have arisen any more than it had done in Canada or Australia Ho 
did not think that the change of the standard from siher to gold would involve any 
change in the mode of keeping accounts in rupees All that was required was to 
fix the proportion at which a sovereign would be a legal tender. As to the desira¬ 
bility oi Rueh a change ho thought there could he no doubt, and had the change 
been made when the value of the rupee was two shillings it would have been easy, 
as & sovereign would then have been exactly ton rupees. To remedy tho evil, the 
author concluded by expressing a desire that a reformation of the coinage and an 
assimilation of the currency between this country and India should take place 
during tho rmpn of Her Majesty, os in that way the sovereignty of the Queen 
would, in the circidation of British rupees and British sovereigns, marked with their 
fixed proportion of rupees, bo associated in the mind of every native of Lidia with 
the lasting benefit conieired on himself and bis country. 


Un Havings' Banls as a State Function developed by Chanty (Organization. 

By W. Nhilson Hancock, LL D . 

The lesults submitted to the Section were That now the perfectly safe places 
for the savings 9 f the poor are prm ldod by the Stato in such numbers, and for such 
long hours, and under such convenient arrangements by the Post-Office Havings’ 
Banks, the object for which charitable Havings’ Bonks were established lias been 
fulfilled, and these laditutionu have become unnecessary and are a waste of cha- 
ntable effect. 

That tho State should withdiaw its connexion with them, as tho State has only 
imperfect and divided control, as the limitation of liability of the charitable pro¬ 
moters makes the security "imperfect, and ns it is bad teaching for the poor to offer 
them a bounty at the public expense to invest th^ir savings in less perfect security 
than the Post-Office Savings’ Banks 

That the voluntary closing of chaiitable Savings’ Bank? w going on too slowly, 
owing to the too limited provision for the compensation of the paid officers. 

That the State would save £140,000 a yenr immediately, and as the paid officers 
died or retired would save £280,000 if the system of official audit in Ireland were 
extended to England and Scotland, and oil the Trusteo Banks and officers, as soon 
as the audit was completed, were taken over by the State 

That the services of the chaiitable promoters and honorary officers in instituting 
the general system of Savings’ Bonks for the poor, which the State has been so long 
connected with, and the great profit to the State of immediate and complete con¬ 
version of charitable Savings’ Banks into Post-Office Savings’ Banks, makes it a case 
■where complete security of service or compensation to the officers would not only 
be morally just, but economically advantageous to the State. 


On the Memorial of Eminent Scientific Gentlemen in Favour of a P&'monent 
Scientific Museum. By J. Heywood, FM.S* 
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The Result* of Five Years of Compulsory Education, 

By WILLIAM Jack, LL.D . 

In this paper tho author did not propose to discuss the auestion whether the quality 
of elementary education m this country has improved or deteriorated in conse¬ 
quence of the introduction of compulsion Few inquiries would be more difficult 
There is no absolute standard of quality. He used tho word results for two things 
which can be measured in figures — 

(1) The change m the number of children attending efficient elemental^ schools. 

(2) The change, if any, in the regularity of attendance at school 

In the English Education Act of 1870 tho Government, for tho first time, sanc¬ 
tioned tho principle that wheie\er the school board of a locality believes that chil¬ 
dren ought to be compelled to attend school, parents may be compelled to send them 
under penalty of fine or imprisonment, subject to such bye-laws as the school board 
may enact. 

Since that time school boards representing a population of nearly 12J millions of 
people in England and Wales have passed and worked compulsory bye-law'8 Com¬ 
pulsion is now adopted by forty-six per cent of the whole population of England 
and Woles, and by eighty-two per cent of the borough population 

In the new Education Act of 1870 England has adopted the principle of uni¬ 
versal compulsion, creating a school attendance committee wheie tnere is no school 
board, and enjoining that committee or tho school board of the locality to moke and 
enforce bye-laws and otherwise carry out the provisions of the Act 

They are briefly these — 

1st. It is declared to be tho duty of every parent to see to the elementary educa¬ 
tion of Ins child above five and below fourteen. 

2nd No employer is permitted to employ 

(«) any child under teu years of age, with certain (no doubt considerable) 
permitted exceptions, or 
(h) any child over ten and up to fourteen 

without a certificate either of education or of piewous attendance qf a due amount. 

These provisions will come into force fully in 1881 

After giving the geneial results for the three countries tho writer proposed to look 
somewhat more in detail to tho results of the application of compulsion in the large 
cities, winch are typos of 82 per cent of the borough population of England The 
Act of 1870 decreed a schocd board for London The first step which the board 
took was to di*cov er the actual school supply m the metropolis, and to make a rea¬ 
sonable estimate of what was wanted, Tne Govcrnmorft theory was, that accomo¬ 
dation ought to be provided for one in six of the population After making allow¬ 
ances for the middle and upper classes, and for the necessary absences, the School 
Board of London decided that a supply for one in eight of the population was enough 
to provide for elementaty schooling in its district Accordingly it w'aa necessary to 
have accommodation for 4 20,000 children, the population in 1871 being approximately 
3,350,COO The Board found schools existing in 1870, or erected or projected be¬ 
tween that and 1873, for 308,000, so that their first duty was to biula foi 112,000 
more children Many of the existing schools wore inefficient, they had to w'ork 
gradually towards the reitu dellmg or uprooting of these inefficient schools; they 
had to alter the habit of uregular attendance. Between tho spring of 1871 and the 
Michaplmaa of 1873, two and a half years, they had increased the nverago attend¬ 
ance by 00,000 At midsummer, 1870, the av erngo attendance had iisen to 30/5,740, 
on increase of 131,448 over the spring of 1871, when it was 174,301. Thus in five 
years the average attendance on efficient schools has men by seventy-five per cent 
in the metropolis, against tho Irish eight per cent, in five years Besides this there 
were 42,000 m non-efficient schools, which w 1^,000 fewer than in the previous 
year There were 87,000 who ought to hav e been at school, but who were absent 
from ^Jnous causes at Midsummer 1870. 'This official estimate of deficiency is 
founded on the theory that 67/3,000 children between three and thirteen reouire ele¬ 
mentary teaching— say one in six of the population But the School Boara of Lon¬ 
don do not think it necessary to provide school accommodation for more thAn440,000 
-*ay one in eight, and m fact they have prorided, up to the end of 1870, for 
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420,000, which w os their original estimate of existing deficiency They ha\ e only 
to provide efficient schools for the children representing 1 the mcrea^o of population 
since 1871, 

The change wrought tunce tho foundation of the School-Hoard wystem is thus 
enormous (/on8idonng tho number of untrained chihlien dinwn for the first time 
within tho School-Board net the regularity of attendance eecured ih also very re¬ 
markable It was 75 per cent of theroll m Midsummei, 74 J percent At Chmtma*, 
1875, 7(>J per cent at Midsummer, 1870—rather better than that m Scotland , and 
the<*e rosultn are to be compared with the It? per cent of Ireland, where there is no 
compulsion, and of all England, where it h only partial 

Of the 87,00() not attending school in the metropolis I must add that 05,000 aie 
under five, an ago when we in Scotland scaiccly tlmik of sending elnldien to school 
at all The infant-school astern is, it is well known, much more developed in south 
than in norlh Britain 

For the sake of simplicity I have neglected the waiving increases of population 
m the large towns To take it into account would mtmhice no material change in 
the comparative figures, and very little change of any kind 

Tt remains foi us to look at the dm k side of compulsion In London two pre¬ 
liminary notices precede the parent’s summons before a magistrate for neglect of 
his children The^e warnings generally have the effect desnod Thus there were 
35,000 A notices m last half-yesr, winch brought 13,000 to school, or made them 
more regular, then there were 23,000 11 notices, these weie followed by3900sum¬ 
monses and by about 3400 fines At that time m London 1*50 people wore sum¬ 
moned and 130 people were fined every week for neglecting the education of their 
children The cost of tins machinery foi the year is £24,000, being Is 7 d per head 
per Annum on the aieragc attendance secured But the cost, heavy though it is, 
seems to me scarcely woith counting compared with the feeling amongst the poor 
which I should expect these prosecutions to croftte, Theie is no sign, however, that 
the efficiency of the present compulsory action is diminishing The addition to the 
Attendance in the half-year ending Midsummer, 1875, was 17,000 In tho half-year 
ending Christmas, 1875, it was only 1400 But the winter was an exceptionally se¬ 
vere ono, and the increase in the half-year ending Midsummer, 1870, has again neon 
to 17,252 

Figures and percentages arc apt to leave lather a vaguo and shadowy impression ; 
and it may help to ieali7e the difficulty as well as the extent of the problem practi¬ 
cally presented to school-board officers if I take four instances at random from the 
report of the London School Board. They seem tome to throw a viv id light on 
the infinite variety of domestic and social entanglements in which the enforcement 
of compulsion inevitably involves us 

“Richard Kmt wo* summoned for Richard, nine The lad is a veiy bod one, 
and was raj idly going to ruin The father having arranged with some friends in 
the country to take rhfirge of him in the future, the summon# was withdrawn upon 
payment of cost? ” 

“Tomlin. In this case, notwithstanding that fines wore imposed, and a warmnt 
applied for and granted for the apprehension of tho defendant, no good result en¬ 
sued, as the warrant officer was uuablo to apprehend the father, who worked in the 
country, and seldom or never returned home except on Sundays Application wu 
made to tho magistrate for a summons against the wife, on the*ground that she had 
the ‘actual custody/ This was granted , but she removed, and the visitor has been 
uuable to Ascertain her address. She probably went into the country.” 

“Richard Raymond was summoned at Lambeth police-court for neglecting to 
cause his ron AVUliam to attend school. The father stated that the boy had been 
refused admission on account of an impediment m his speech. In order thAt in¬ 
quiries might be made Mr. Ellison adjourned the case for one week, when the state¬ 
ment of the father being proved false a fine of 2s, and costs was inflicted." 

“Homy Warner, summoned for his son, aped ten, pleaded that it was no fault of 
his, that his wife was master of the situation, and would not let the lad attend 
school Case was adjourned for inquiry, which resulted in establishing the fact that 
the defendant was certainly not tho master of his household; but the magistrate 
said he ought to be, and fined him.” 
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A family like Rust's shifts its residence out of London The case drops out of 
the cognizance of those who have long been watching it, and new officers have to take 
at up from the 'very beginning Tomlin’s father w never at home except on Sun¬ 
days ; and when the school board officer summons the mother, who has u the actunl 
custody,” Mrs. Tomhn dips through hm fingers like on eel Raymond's father jpre- 
tends that he has an impediment, and that schools won’t take him in. Toor War¬ 
ner baa a wife who won’t let the lad attend school, and won’t let Warner send him 
there. There are forty coses for every one of these every week , two thousand 
times as many of such stones are told annually before the police-courts of London, 
every one of them with some ingenious variation of pretended excuse, or some 
miserable and perplexing real difficulty 

The statistics or Liverpool are as foflow •—The cost of compulsion is about 2a per 
child on fAo roU (about -is per child in average attendance), which is about twice 
what it is in London Thcriucieaae in the average attendance on public elementary 
schools in five years is from 33,827 to 41,192, Wing 21 per cent, as against the 8 
percent, of Ireland or tho 75 per cent of Loudon The average attendance has 
fallen from 70 per cent to 04 per cont of the number on the roll, which is very sig¬ 
nificant ol the doss of children brought in by the compulsory clauses Besides the 
public schools the authorities of Liverpool onhmate that there wero 10,058 cm the 
roll of all other elementary schools in 1871, and 14,300 of all others in 1875. Liver¬ 
pool has advanced, but very much more slowly than London It started very 
much better than London did, and had far less leeway to mako up It is difficult 
precisely to compare its present educational position with that of London, because 
the non-public schools occupy much more of tho ground in proportion than in the 
metropolis. Its population was 493,(XX) in 1871, and there were 14,000 seamen be¬ 
longing to the port. So far os school attendance goes thore is probably little now 
to choose between the two cities. 

In Liverpool peat attention is paid to tho working of compulsory bye-laws. In 
the year ending October 1,1870, 0182 notices were issued to parents, and 1817 pro¬ 
secutions took place in consequence Tins would correspond to about 12,000 ill Lon¬ 
don, the rate there being 8000 Before the parent is prosecuted parents are brought 
by the notices to meet a member of the board and the superintendent of visitors, 
and such meetings are hold two or three tunes a week For instance, the author is 
told, u lu one small district^ having about 2000 children, the parents of 355 were 
brought before a member of the board, and tho present result is that 124 are regu¬ 
lars, 11 are delicate, 10 have removed, 0 are over age, I has been exempt, and thero 
are 203 who are still irregular, 24 of these have been summoned more than once. 
Those fiorn the 203 who are still irregular who have not been summoned are not 
considered irregular enough for a summons.” 

The statistics of Manchester are somewhat similar to those of Liverpool The 
Manchester attendance returns were first collated by the board in December, 1871. 
At that date the average attendance was 20,328, and the number on the roll was 
39,240. The last quarterly returns for the quarter ending June, 1870, showed 
82,220 children in average and 50,401 in roll attendance. Thus in 44 years the 
average attendance has risen 224 per cont, or 5 per cent per annum, Ine popula¬ 
tion of Manchester has remained practically stationary during the time, so tnat the 
•same extent of increase was not to be expected as in the case, for instance, of Glas¬ 
gow and of London But the general effect on the results of making the allowance 
would nowhere be of very great importance. 

The regularity of attendance may be measured as usual by the proportion which 
the average boars to the roll attendance It was 07 per cent, in Manchester before 
compulsion, it is now 04 per cent ; and the change signifies that a new class, whose 
attendance it is unusually difficult to secure or to make regular, has been brought 
into scbooL Attendance in Manchester has not fallen much under the pressure of 
the compidsory law, but it was not higher before, and it is a little lower now than 
the aver' for all England and for Ireland. 

The compulsory powers of the School Board are extensively used in Manchester. 
The clerk of the Board tells me that the recent average Is seventy or eighty eases 
(brought before the magistrate per week. The pressure is exercised on two grounds 
-non-attendance and irregular attendance; ami tbs board at porseent aims to oofb 
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strain children to give at least 80 per cent, of possible attendances The population 
of Manchester is 3/51,000, so that seventy per week —say 3500 per year— represents 
one prosecution for irveiy hundred persons Jlut this rnto is only the existing 1 or re¬ 
cent rate In tho whole of 1875 there were only 1039 mo^eutionB—«ay 20 per 
week, or 1 in 340 of the population The author supposes that tho increased acti\ity 
of prosecution is largely due to tho rise in the increased number of attendances, 
from 50 to 80 per cont, required undeT recent bye-la^ fl, iu tho last week of which 
he was told tho prosecutions amounted to as many as 130, which is pretty much tho 
same as for the ten times more populous city of London, lie does not know the 
expense of school-hoard prosecutions in Manchester. Both In that city and in 
Li\erpool tho attendance seems to lur\o become slightly less regular under compul¬ 
sion. 

In Birmingham the results are ’very remarkable Tho city was the head-quarters 
of the Education league, and that powerful and intelligent organization influenced 
the School Board Noblesse oblige. The fust Bnmingbam boaid felt itself hound 
to show what educational zeal could do In Decemb r 1871 the a\erage attend¬ 
ance in public elementary schools uas 10,293 Compulsion was not resorted to till 
May 1872. Then and since then tho a\eiage has been — 

December 1871 13,20*4 

May 1872 .. 20,028 

„ 1873 28,035 

„ 1874. 30,330 

„ 3875 ... . ... 34,718 

„ 1870 . .38,817 

Thus m 4$ years the apparent increase m Birmingham has been 138 per cent 
When account is taken of half-timers, according to the modes of computation of the 
department, the increase m these 4$ years is the prodigious one of 150 per cent. In 
addition to this the proportion uf aierage attendance to the roll attendance has risen 
from 92 to 70 per cent. These magnificent results make the record of the first two 
school boaids of Birmingham memorable jn the educational annals of England. 
They have not been obtained, however, without great exertions and severe pressure 
Since May 1872 prosecution has been resorted to in 7515 cases, an average of 1900 
annually. At that rate tho annual average for London with its 300,000 of atten¬ 
dance snould be 17,000 instead of 8000, Birmingham manages compulsion cheaply. 
Proeecutionfl used to cost them £1000 annually, they now cost, under a system of 
specially reduced fees, only £300. But the chief expense of compulsion in London, 
and probably tnerywhere, is due to the staff of \isitors Tim mere legal expenses 
of compulsion in London were under £300 m the half-year ending Midsummer, 1876. 

The compulsory action token in London, Birmingham, Manchester, and Liverpool 
is very stringent. In London there is one prosecution annually for e\eiy 450 of the 
population; in Birmingham about one for overv 200; in Manchester about one for 
evety 100 at present, and about one for eveiy 340 in 1875 To tho author it appears 
doubtful whether the poorer classes will lung endure such a pressure with patience. 
An the conviction of tire necessity of school attendance and tho habit of obedience to 
the law deepens in the masses of tho people w e may hope, doubtless, that the same 
result*, or others even more satisfactory, may be obtained at a far lower coat of legal 
process, with all the hardships and harassment^ which it involves. But it is diffi¬ 
cult to believe that so much pressure is necessary, 

In these respects the procedure and experience of Glasgow are in remarkable con 
treat with that of England. The authorities started two years later than in Eng¬ 
land ; and as new schools have often to be built before children can be driven to 
school, the first Tears of compulsory action are always the least effective. The re¬ 
sults are these. In inspected schools, and not inspected efficient schools charging the 
tame as board schools, there were 

30,103 in average attendance in 3873 
36,568 „ „ 1874 

40,673 „ „ 1876 
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The me in two year* has thus been 12,r>72, or 42 per cent., a rate almost a* remai k- 
ablo os that of Birmingham. Tho percentage of average attendance to roll attend- 
mice amount# to * 

70 per cent in 1873 
70 „ „ 1H74 
78 „ ,, 187*> 

which is still more lcmaikabh 1 Tho latest le^ulfs (October 0) are lliat Glasgow 
has managed to iaiso her avoiage attendance to HI per cent of tho numbers on the 
roll Some not inspected efficient wihools aie included in these estimates, but they 
are a small fraction of the whole, and their exclusion woiild not materially alter the 
proportions of lnciea^e, They account for about .‘1000 childien. Setting them 
aside, indeed, we should have an lnciease of 50 per cent in the two yenis in the in¬ 
flected whools, which is neaily quite equal to that of Birmingham 

The roumikable pait of the (ft«e of Glasgow is tho manner in which the compul¬ 
sory clausoH e wen woiked The Glasgow" aecret is very wmple The boaid 
goes down among the defaulting parents, Molding fiequent meetings in their omi 
localities to hear tho stones of the pool and to persuade them for their own and 
then children’s good They ti v ovoiy tiling befoie they prosecute Tliey distribute 
fly-leavos copiously, nauatmg the fact 0 , so as to make every actual pi execution go 
as far as possible in persuading othei people Gentleness would be useless wnthout 
firmness, and the Glasgow bonid has not worn its sword of justice altogether in 
vain, but it lias shrunk from prosecutions with an energy and ft success which, now r 
that compulsion is to be universal, it is hoped wo may see widely imitated In some 
rural distncts, and peihaps with sensible women for compulsory officer^ prosecutions 
ought to be almost ounceessar) The fact that the law is in the background ought 
there, at least, to be gene tally sufficient 

The name of the convener of the Glasgow Sehool-Boaid School Attendance Com¬ 
mittee will long he held m honour for a work unique in its (haiactei and m its suc¬ 
cessful result In the three years of his reign the School Attendance Committee 
has dealt with 20,515, less by removals 2819, and exemptions 1((84— say 10,000 de¬ 
faulting parents Of these, 8000 sent (hildren to school after a remonstrance and 
persomd warning by vi*it of the officers, 5800 more went to school after notice 
sent to them warning them of the possibility of prosecution following that notice 
The members of the school board tnemselvos met with the defaulting parents on 
eighteen separate occasions, and 1400 children of the balance of nearly 2200 were 
sent to school in consequence Only 51 have hem prosecuted dunny (he thee years 
of the action of the Boai d Ev ery flung is done to a\ oid prosecutions, it is only 
when everything else fails that they are lesorted to. The ratepayers’ money is 
saved, the goodwill and the consciences of the people are enlisted in education, the 
work of future boaids w made infinitely easier, ana attendance more regular than 
elsewhero has been secured No part of the labour of the Glasgow board has been 
more profitable than the eighteen matings held with defaulting parents, in different 
parts of the city wffiere the people live, between February 1874 and January 1876. 
There were 1834 parent* summoned to meet tho board, representing 2200 children. 
All but 250 of the parents answered The board divided itself into fragments, each 
sitting separately, and in the whole of a long day getting through about one hun¬ 
dred cases oath, Mr Mitchell has showm how r to meet the greatest difficulty of the 
compulsory system His is a kindly and patriarchal government Parents are, so 
far, reasonable creatures, and an ounce of gentle but firm persuasion seems to go as 
far with most of them as a pound of punishment Even if, on a re\iew of the whole 
circumstances, it might seem desirable, it might in some cases be difficult to go back 
on the decided steps winch have been taken, and these steps, it must bo remem¬ 
bered, have been fairly effectual In London and Birmingham tho results obtained 
are undoubtedly satisfactory, and in Liverpool and Manchester they are consider¬ 
able The author does rifet pie tend for a moment to criticise the action of men to 
whose admirable labours this country and these great communities are deeply in¬ 
debted. Ae has no wish to make out percentages of credit for the different com¬ 
munities and school boards. If he did ne should certainly bare to take account of 
an infinitude of circumstances which he has neglected here. lie is dealing only 
with actual results. But nobody will doubt that perreasion, with punishment in 
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the background, is a better way than punishment if only it be a possible 'way; and 
Mr Mitcnell has shown that it is possiblo in Glasgow, *w hatov er may bo the trutli 
with regard to other great cities Avhich have acted nioio at nelly Half the comitiy 
c*oniew now, fov tlu* first time, under compubu iy laws, and we may ho] e at least to 
disseminate education as widely as m Glasgow by tho mmo ww and benevolent 
offoit among a willing jeople 

Compulsion (osts far lev* in propoitiun in Glasgow than in Lneipool—nloout 
1< 2d per head of the avcingo attendance, instead nf 1* (\d m London and .‘U. in 
Liverpool Tin* amount, whuh is L2400 instead of 057(H) ] el annum foT Lneipool, 
is considerable, lmt it is le«s than that incurred by more sinngent action The pro¬ 
cess has so far burn equally filectuol, and it cannot fail to leave the pooler classes 
in favour of, wlieieiw tin otliei mode of nt tion mav, one fenis, leave tlu m hostile to, 
education The authoi m conclusion said — 

There aro few r pi emulations c>f rdatishes lo which some objection may not be 
taken, and tho educational stntistieH of the huge towns imdei schotl hotmls, and of 
the country so far as it is undei the official cognisance of the Lin y Council, cau 
fomi no exception Some pm ate adventure schools for the clashes that need ele¬ 
mentary education still survive, and a few (f them may be eilicient It would 
scarcely affect my figuies, the mmuvnlueof wlrnh is uinjmatne, if I attempted 
to estimate these additional elements m the problem on the inadequate data winch 
are alone accessible If we confine oursehes to the bmad general t onclusions which 
lie on the surface of the hguicfl 1 ha\o gnen, I think we cannot go Aery fai wrong, 
I throw together tho results for the tne cities 1 — 



Contofcom pul¬ 
sion per child 
in average 
attir dunce 

Present rate of 
ch 808 prosecu¬ 
ted annually ot 
population 

\muml in¬ 
crease under 
compulsion 
m children 
taught 

Change under compulsion 
in regularity of attendance 

London 

U 7d 

1 m J.50 | 

15 

From to 70 per cent. 

Liverpool 

! .k». 0 d \ 

1 1 in 270 

4 

,, 70 to 04 ,, 

Manchester. 

. \ 

: 1 m100 

5 

M 07 to 04 „ 

Birmingham 


1 1 in 200 

81 

» 02 to 70 „ 

Glasgow 

| 1# 2d, i 

l in 20,000 

25 

„ to 78 „ 

. 

_ 

_ 

_ _ 1 

.. . __ 


I havo not taken into account the educational position of the gieat towns at tho 
beginning of the compulsory eia, and that is undoubtedly an element (and a consi¬ 
derable element) in the problem. But there w none of them in which there was not 
room for Aery great advances. and in most of them ample room is still left for in- 
creating both the amount and tnciegulantyof attendance. The population of Manches¬ 
ter, for instance, is 8000 moie than that of Bimungham; but the a\ oroge attendance there 
is only 82,000, against 80,000 in Birmingham The London average attendance would 
need to be something like 880,000 instead of .‘100,000 to reach the Birmingham love). 
The Glasgow Attendance still lomaina Aery far below the point which it may be ex¬ 
pected to reach I have contented mytelf vvith recording the rate of advance from 
a position far behind that which the great cities have now reached to one distinctly 
behind that to which they w ill probably soon attain 
There la another point to which I have adverted already The Scotch act does 
not, lie the English act, suggest and authorize the making of bye-laws requiring so 
many attendances out of the whole number possible The sbenff of Lanarkshire 
might refuse to recognize any standard the Glasgow board inclined to set np. But 
the bye-laws regulating the amount of attendance with which the English boards 
will be satisfied are per missive and at their own discretion, and if they choose they 
my dispense j and Mr, Hughes, a leading member of the Manchester School Board, 
teems to think that they ought to dispense with such bye-laws. These rules multiply 
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statutory offenoes according to an arbitrary definition. They create and, as it 
were, authorize a recognized minimum of attendance. The Birmingham board have 
no minimum named, and are theiefore much m the same position os the Glasgow 
board. Their bye-laws require perfectly regular attendance, and they enforce them 
at their discretion Perhaps tho Glasgow board and the other Hootch boards could 
not if they had wished htue prnsec uted as frequently as their neighbours in England 
Mr. Mitchell thinks so, and belies that a very gieat deal of the greater leniency 
and the smaller amount of prosecution in Scotland is due to the more lenient spirit 
of the framers of the Scotch act lie is most probably right, and one of the main 
points to which I hope that this discussion may direct the attention of school boards 
is the policy or impolicy of very numeious and stnugent bye-laws. But I must 
again disclaim any wish to assign credit to individual boards, or to seem to sit in 
judgment on their conduct 

I think that my figures conclusively prove that the best results, both in mcie&ftcd 
quantity and lfgulauty of attendance, am not necessarily connected with the 
strictest woiking of the cnmpulwy law Manchester, which seems at present to be 
strictest, and Liverpool, w Inch is third on tho list, are lowest in both respects. Bn- 
mmghara, which is sw ond m strictness, is highest in increased quantity as well as 
m actual amount of education, and third m respect of regularity or attendance, which 
has risen there in a remarkable degree London, which seems most lenient of the 
four great English cities, has increased education muck mtuy rapidly than Manches¬ 
ter or Liverpool, though it seems to have now reached very^uoh the same level m 
respect of quantity It has a more regular attendance than C "her of these cities or 
than Birmingham Glasgow, which in respect of comptdw)r£ 1T M;ion by legal process 
ia almost ludicrously lenient in comparison with the otlior c 01 ? s, stands highest in 
respect of the regularity of attendance obtained, and hecoiuf CK| inspect of the in¬ 
creased quantity of education Of course neither Glasgow no. ny other board con 
reap where it has not sowed, and the paucity of legal process^ 1 *s no sign that the 
Glasgow board did not spend an indefinite amoiuit of labour if ft ecunng the results 
it has obtained I am speaking only of the last resort to the f c 'ns and penalties of 
law, and I think 1 can scarcely be mistaken in saying that my fq, almost disprove 
the theory that the tighter tno screw is pressed down in the w^J n A >f actual punish¬ 
ment the more effective must the pressure become 

I do not care to press the inferences that the facts I have collated seem to me to 
establish any further than these conclusions — 

1 That the need of the country for compulsory education was a crying need in 

1870 ^ 

2 That the success of the experiment which has now been tried in Scotland and 
in nearly half of England justikea the modest advancea that have been mode by the 
government m the bill of the present v ear 

3. That compulsion has been earned out in one great city with perfect efficiency, 
and with a very tnfiing amount of legal process. 

4. That no connexion between stringent legal compulsonr action and great educa¬ 
tional result is indicated by tho figures. It is almost needless to say that I do not 
suppose that a school board can safely leave the matter to take care of itself. 


The Valuation of Properly in Ireland . By Henry Jewison. 

An increasing desire has latterly been evinced for the assimilation of the laws of 
England and Ireland. Amongst those which should be assimilated are the laws on 
the valuation of property. In England and Scotland the valuation is based upon 
the rent, in Ireland it is based on the prices of agricultural produce. VerV strong 
reasons can be adduced for the revaluation of Ireland. The present valuation bps 
practically not been revised since it was made, about twenty-five years ago; the 
value 1 property has, however, changed considerably, and great inequalities) exist 
as to tiie incidence of taxation. A revaluation being therefore necessary/ it is 
recommended that the English and Scotch system be adopted, for not alone fcthat 
system more correct, but by adopting it the principle of valuation of property wttM 
be made similar throughout the United Kingdom. By acting on this 
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tion we should remove the inequalities in the incidence of local taxation; we should 
also remove the necessity for a large amount of separate legislation for Ireland, 
which is entailed by a different valuation, and we should make another and a great 
etndo towards an object, on many grounds most eminently desirable, namely, the 
assimilation of the lawn of the t\v o countries 


On Physical Education and Hygiene in Schools By W. Jolli 


On the Organization of Ot iginal Research. By Itev. Dr M‘C^ 


On Spanish Mining. By Don Arturo de Marcoas'iv. 


On the Depreciation of Silver and a Gold Standard for India. 

By Stephen Mason 

The author proposed, as a simple and effectual remedy, the altering of the standard 
of value from sih er to gold The substitution of the one standard for tbe othor might 
he carried into effect by the following method *—Lot the Indian gov ornment adopt 
A gold standard te a measure of vplue as soon os practicable, and without delay fax 
a date when all transact ions Hhall he paid or settled upon a staling basis for all suing 
exceeding ten rupees This plan did not involve the necessity of altering the cur¬ 
rency of India—a very delicate and difficult operation, as Germany has found to 
her cost The substitution of a gold for a silver currency in India would require at 
least £100,000,000 of gold, and entail a loss upon the Indian government uf not leas 
tlian £20,000,000 sterling, possibly much more, besides dislocating the whole money 
markets of tho world, and in all probability lead to a groat financial < iisis in this 
country. Tins pobey should at once be dismissed os impolitic and unwise. 


On the Stiver Dilemma . By J. Mathbson, Junr. 

The well-ascertained facts affecting tho question were:—1st, that the price of bar 
silver, which for many years previous to 187# had beon sustained with little fluctu¬ 
ation, the fti erage being almost per oz, had since that period steadily declined 
j(the drop as rogarded the present year especially being unequalled), via from 66<f. 
in January to 4 7d in July, 2nd, that the downward movement was influenced by 
a variety of causes, of which the principal were the increased production of silver, 
and the falling off or a blank in some sources of demand; and 3rd, that the extra 
yield was entirely accounted for bv the increase of the production of tho American 
silver-mines from £5,760,000 in 1874 to £7,400,000 in 1876, with the prospoct of a 
further increase in the present year. 

With respect to the various schemes put forth for a reform of the Indian currency 
he described as errors the idea of supposing that the value of the rupee could be 
raised by legislative measures otherwise thAn locally, temporarily, and with gross in¬ 
justice towards one section of the community, or tnat a double standard might be 
adjusted and sustained with impunity, or that the mercantile public of India could 
be forced to import gold for the currency purposes of the country, without being 
the victims of a one-sided policy. If a gold currency were desirable for India the 
government alone, following the example of Germany, might fittingly provide it. 

The general conclusion was that- there was nothing in the existing crisis to war¬ 
rant the demonetization of silver; and further, that the principal silver-valuing 
countries, even if they desired to do so, were not possessed of such wealth as might 
render the attempt practicable. The question was essentially fraught with uroer- 
tataty. He could not but think, however, that the more thoroughly we grasped it 
the more dearly did we perceite the all-aomhiiting power of those great natural 
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laws, any interference with which would produce confusion worse confounded, and 
on the operation of which we might reasonably rely for relief from the present 
emergency if we would only let them alone. 


On Ovei doweling ni Liverpool. By It. AV. Fitchbh, 


On the Educational Value of then Native Language to the Gathe-speaLuuj 
Validation of Scotland By Itcv. W. lto-i*. 

The author stak'd that his experience, which \\a« fortified by that of the govern¬ 
ment inspectors, of Sheiiff Clegkorn, Sheriff Nuholsou, liixhup Eden, and others, 
was that the effect of banishing the use of Gaelic from tho < lassos m English or 
Highland schools was that children were taught to lead English fluently onough 
without imderstanding the meaning of v\ hat they read Dunng tho post ten years 
ho hod examined ten thousand Highland children, and ho was (uuvinced that satis¬ 
factory educational results weie to he obtained onlv by pursuing a different method 
from "that of excluding Gaelic tianslation winch had hitherto been followed. To 
ignore or exclude the nativo language from the rndmol was to prolong tho use of tho 
Gaelic language (a prolongation against which he did not personally object), and to 
do so at the expense of intelligence, education, and culture The only way to obtain 
an intelligent acquaintance with English in a large section of the country was to 
moke use of the native tongue in explaining the meaning of English terms , and the 
admitted failures in the past were in Ins opinion to be tiaced to tho lrratioual method 
so long and extensively practised 


Sho iff Coin ts and Relative Judicial Statistics 
By F. ItrssEix, Sheriff-Substitute of Roxburgh. 

The author gave an historical sketch of the Sheriff Courts, which took their pre¬ 
sent form after the rebellion of 1745 At present the Sheriffs appointed their own 
substitute^ and the aggregate salaries of those judges wero nearly £40,000 per 
annum The jurisdiction of the courts extended to cdl criminal offences except the 
four pleas of the Crowm, and during tho last three years the number of people 
tried in the Court of Justiciary annually was 507, and in Shenff Courts 2012, be¬ 
sides what were known as summary trials. After the establishment of the Court 
of Session in 1532, the jurisdiction of the Sheriffs in cml matters was limited, 
though still extensive The average annual number of final judgments dunng the 
five years from 1870 to 1874 m the Court of Besmon was 12g50, and in the Sheriff 
Courts dunng the same period w^ere—ordinary court 547fl, debts recovery court 
2550, and small debt court 38,458 The appeals to Hhonffs during the last three 
years had averaged 627, of which 341 were sustained, 180 roomed, and 100 mixed. 


The Civilization of South-Eastern Africa. By James Stephkksor. 


On the Theory and Practice of Accident Insurance by Sea and Land . 

By T. M. Taxt. 

Commencing by about thirty definitions of the word “ accident n according to 
vanoas authorities (very useful information for insurance companies), the paper 
treats separately in great detail of ocean accidents, railway accidents, and general 
accident f 

As to ocean accidents one curious fact was brought out, that these vary 
with the age of the captains commanding the vessels, there being apparently a 
certain epoch in the life of a master manner when danger of disaster u reduced 
to a minimum. Other things being equal, passengers are safer to sail under a cap** 
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tain of About 60 than under one of an earlier or more advanced age The entire 
premium to cov pt increased risk of master manners is from 80* to 40* por cent per 
annum, that is to say, if a clergyman or hamster can obtain insurance on his hfe 
for £100 at a premium of £4, the premium required to insure a master manner of 
the same age would bo from £5 10a to £0 This is the ratio all nmnd, hut captains 
of Cunards and other first-rate lines would of course be insured f nr 1* ss 

As to railway accident^ the facts wore not brought up to the latest dates Hut 
it comes out very clearlv that the nOt to railway officials actually employed on the 
hno is excessive I\<aily all railway accidents are remediable, and the tbanco of 
disaster could he still vastly reduced by a universal adoption (f the block and 
interlocking Rvetxro, the use of perfect brakes, and other improvements long ago 
suggested 

The mortalitv fit m accidents geneially is a very important and interesting de- 
paitment of vital statistics The number of accidents occurnng in England and 
Wales is reproduced from year to year with extiaordinary rcgulanty, indicating the 
opt ration of a fixed law bxcessne division of labour naa a tendency to increase 
accidents by the intioduction of new machinery, at fust oft* n imperfectly under¬ 
stood The mtroductun of rinks and bicycles lias led to a wholly new class of 
accidents roqumng special nudicol treatment 

Insurance officis charge the same pnmiums against an unforseen casualty from 
the agP9 15 to 00 But fiom very itcent data wholly lehable it wfts vtry clearly 
shown in tho paper that the mortality from accidents inertases greatly at the 
more advanced ages, and that consequently wine diffeiencc should be made m tbe 
premiums nppheabh to those ages It is not tliat there are a greater number of 
accidents at those age^, but that tlurc is less power of rallying from tho effects of 
an accident 

The paper concludes with specimen policies of the different companies, showing 
the rnk coveied and the genual conditions of the accident insurantt contract 


On the Bom chng-out of Pay pet Chihhen m England By Wm Tultacit 

The authoi said that the systun had bun adopted foi five >ears m England, but 
In consequence of w ant of information, and an unfounded confusion in the public 
mind of tho systt m with the obnoxious and wholtsale farming out i f children with 
which so many evils and cruelties weie associated, it had not made the progress 
which might have bten anticipated lie warmly advocated the system, more espe¬ 
cially for girls In contiftsting it with the workhouse plan, he drew a vivid picture 
of the evils attfndmg tho association of children with adult paupers who weie 
often vicious, and with other children, many of whom had been swept from the 
streets In the system of district schools he ricognired a gieat improvement, but 
he did not think it was equal, especially in the case of girls, to a svstem of boarding 
them out singly in carefully supervised cottage homes But the district school 
system was also objectionable on the score of cost A sort of institution mania had 
takon possession of many minds It seemed to be assumed that both adults and 
children should be gathered m masses and lodged m palatial abodes at the public 
expense , and parents were U mpted, he believed, to suffer their children to go into 
these places where they could get an excellent education with all tho advantages 
of a costly middle-class school at the public txpense The Scotch pi ople, with 
proverbial natural shrewdness, had perceived tyid waided off this danger which 
was burdening England Poor persons in Scotland were not tempted to throw 
their children on the rates by providing them with these palatial edifices Whereas 
many such children m England cost from £20 to £80 pei annum, the offspring of 
destitute Scotch poor were as well or better cared for as a body for £10 each, being 
trained undei careful supervision w healthy and well-selected houses amongst the 
labouring classes, where they were never subject to the influence of the workhouse, 
but were gradually and naturally introduced into the wholesome conditions of 
family and industrial life This wise system of supervised boardmg-out was being 
gradually adopted in England, and it was to be hoped that in a few years it might 
become the general rule at any rate for pauper girls There weie a)togethero73 
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poor-law unions in England; of which 127 had adopted the boarding-out system In 
greater or less degree for some of their pauper children There were* in addition, 
forty-seven Welsh unions, of which thirty had adopted the system The number 
of children boarded out was in England 1500, and m Wales OCfo In nearly all the 
cases where the eastern had been appht d it had been found very successful, and the 
writer of the paper supplied a largo number of extracts from reports from Bir¬ 
mingham, Clifton (Bristol), Chorltou (Manchester), tho Cumberland Unions, and 
the agricultural distucte in Kent, showing that whore the system was appliod chil¬ 
dren were cared for at the rate of from £10 to £12 a year, that the children 
boarded out were improved in health, and had been readily drafted c ff into situ¬ 
ations Tho only cases in which the system had failtd in accomplishing these blessed 
results was -where there had been a mgleet of supervision He theiefore udvocated 
the formation of ladies’ visiting committees in connexion with tho unions At pre¬ 
sent the number of district and separate schools v, as very small as compared with 
the number of pauper children The erection of many hvk h costly institutes was 
attended with pecuniary difficulty and was of questionable expediency On the 
other hand, sound economy Qnd efficient results were combined m the application 
of the system of boarding-out, especially for children, but the system should be 
applied in its cuupletenesa and entirety, and with frequent oversight by judicious 
v isitors, and provision for tho religious and moral education of every child 


The Prevention of the Pollution of litveis By the Rev. R Thomson 


The Statistics of the Indian Opium Revenue By the Rev F S TuenkR. 

The last debate on the Indian Budget in the House of Commons demonstrated 
the vital importance of tin < pium reionue , it is therefore impel taut to inquire into 
the pmbablt stability rf this revenue At first sight an mspoclu n of the rtturns 
from 1792 to 1872 is highly encouraging During this long term of years we mark 
an increase, steady on the whole, thougn with minor fluctuations, from £202,751 to 
£8,000,000 Not so satisfactory is the increasing lelatim impoitance of the opium 
revenue, which from being in 1702 one thirteenth of the land revenue, ana one 
twenty-eighth of the total revenue, has now risen to the serious proportions of more 
than one third of tho land-revenue, and moTe than one sixth of the total revenue 
These figuiee refer to the gross revenue, and have to be slightly diminished for the 
net revenue Making the necessary deduction, opium has in eighty-threO years 
yielded the total net protit of £184,000,000, which may be taken as a partial set-off 
against the sum which British rule has cost India during the same period 

High authorities have warned us that we ought not to rely upon the continuanco 
of this income, among others, Sir Charles Wingfield, six years ago, m the House 
of Commons, and this year, Sir George Campbell in the ‘Fortnightly Review’ 

Our lucrative monopoly of the China market is threatened by the competition of 
the Chinese themselves This competition has been held m check by their own 
government, which, however, has gradually relaxed its opposition, and now threatens 
to abandon it altogether Tho poppy has spread enormously m China sinee 1863 
For the last four years there has been a diminution of our opium revenue, which 
may be the beginning of a continuous decline Some recent items of news from 
China show that there is still some uncertainty about the direction Chinese policy 
will take J S Mill lias pronounced against interference with the opium trade, 
but, according to his own principles, an argument may be advanced in defence of 
the Chinese prohibitory legislation Great difficulties are thrown m the Way of this 
legislation in China by the political action of Great Britain Thus opium may per¬ 
haps still continue to bolster up Indian finance until moral laws work out soma 
unexpected, but not undeserved, retribution 
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MECHANICAL SCIENCE. 

Address by Charles W. Mbrbifikld, FM,S.^ President of the Section . 

It Is generally most useful and most interesting to intelligent listeners to hoar from 
those who address them that which is the most familiar to the mind of the speaker. 
Passing by the quostion of primary education^ 1 propose, therefore, to renew briefly 
our shortcomings in those subjects of instruction which arc the necessary preludes to 
natural, and especially to mechanical, science. I then propose to direct your atten¬ 
tion to some points dependent on the crowding of the population and especially to 
those consequences of ft which are chiefly inteiesting to the Section of Mechanical 

To such an assembly as I see befoie me it hardly needs that I should say much 
on the importance of a widespread knowledge, as sound and exact as it can bo made, 
of the nature of all things about us We need tbis not only as a nation to compete 
with other nations, but we also need it rnoio and more every day as men The 
crowded condition of the earth at this day is m the strongest contrast to its state in 
the early days of our race; and the necessities of our life then and now are in as 
strong contrast as those two conditions, nr as the numbeis who lived and live sub¬ 
ject to them. Even in the curly days there was more knowledge afoot than the 
thoughtless among us dream of At no stage of man’s history was life to be held 
on easy terms, ana to those who in early tunes neglected the Knowledge necessary 
to take care of themselves and those about them the penalty of their remissness wa« 
short and sure It is not less certain now. Equal difficulties and dangers still 
beset us, and are to bo mot with in the same way—by acqunmg knowledge, and by 
applying it with industry and judgment. Only the knowledge that wo want w 
greater now than then, and, being a higher development of knowledge, it requires 
to be more systematically learnt and taught This is an absolute necessity to us if 
we wish to extend, or even to preserve, the possibility of our maintenance in such 
mosses as are gathered together m Western Europe, and in such towns as London 
or Glasgow. 

Although the possibility of our existence as we are lias been the consequence of 
our ancestors, whether advisedly or not, yet successfully, following the law just 
indicated, it Is one of the concomitants oi their success that we have brought up 
amongst us the weak and foolish, who have received the benefit of the knowledge 
and industry of others without participating m either sufficiently to understand the 
conditions which have rendered possible an ignorant, an idle, or a vicious life. Just 
as the citwen of a country which has been over long at peace does not understand 
that hla safety depends upon the fighting power of himself and of those who will 
take his part, so there are some in our midst who do not see the danger of ignorance 
or the waste of idleness. Those among us are peihaps few who ao not recognize 
tome disadvantage in ignoraneft and indolence, but there are, I fear, many who fail 
to realize the urgency of extirpating both to the uttermost Let mo not bo mis¬ 
understood ; I do not suggest that there should be no pause from learning or from 
exertion; life would not be worth having without its intervals of ease; but the 
enjoyment of these precious Intorv ols is only to be purchased at the expense of 
haoituol thought ana exertion, and, in our present social condition, we cannot 
safely neglect to afford to all amongst us opportunities of cultivating observation 
and thought. 

These Temarks may seem to yon something like ** slaving the dead ” To those 
engaged in the active work of mechanical industry, ignorance, stupidity, and indo¬ 
lence are the enomy at the gate, with whom there is and can be no truce. But let 
me ask even you whether you nave not among your circle of acquaintance many 
who think that the erudition of a few and the ignorance *of the many is a better 
state of things than the universal and systematic instruction which, happily for our¬ 
selves, our representative assembly has now determined to secure for all amongst 
us. Let me ask whether there are not some who think the study of history or 
literature far more important than natural scienoe; some also who think that reli¬ 
gious teaching supersedes all other learning. All these doctrines are in my opinion 
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flake, and dangerous to socioty. I do not undervalue either religious teaching or 
historical knowledge Of the former, this w not the place in which it would become 
rue to speak, even were I its authorized exponent Of the latter it would be almost 
equally preposterous to speak slightingly No one feds more keenly or practically 
than X do tnat the past is the key to the future, and that all our knowledge depends 
upon experience Not only do I acknowledge tins as an abstract truth, but I have 
myself constantly boon dmen to lustoncal study before I could attain any real mas¬ 
tery of the work winch lav before mo in any of*my niu suits, e\en of natural science* 
Moreover my habits and instincts have a strong bias in that dneetnm, my early 
education having been classical and legal, ami my lirst actual employment having 
been in the arenjeulogy of painting It is, theiefore, with no piejudice agamst 
useful scholastic learning that I raise my \oue against the misdirection of education. 
Still less is it with any prejudice against the exactness of the knowledge to be 
acquired 

Let us for a moment reflect upon what marks the difference between what we 
are pleased to call civilization and baibausm—what distinguishes the Anglo-Ame- 
ncan from the lied Indian, the Russian from the Taitar, the Western European 
and his colonial congeners fiom the races which he is governing or leplocing. It w 
not, or at least assuredly not alone, by muscular supononty, noi is it by more 
astuteness, the savage 01 the halt-savagn ( ompotes with us vorv favourably m both 
these respects To emphasize the real difference, lot us go a little further back, and 
ask ourselves why the bear and the tiger are no longer a tenor to us, and why we 
feel secuie of the predominance of man, at any into agamst the larger and fiercer of 
the dwellers in the earth, the water, and file air This piedozumanca is due solely 
to the command vv Inch our intellect has given us over the material powers of nature. 
Physical science lias enabled us to set these against the mmo unaided strength of 
brutes Supplier and more exact science has enabled the dominant laces to bring 
more of these mateiml forces to hear upon then enemies than the barbarous tribes 
could array against them This is so umvnsally admitted as a prmciple that its 
real application is often foigotton, and there aie many vv ho tlunk that our civilization 
has in it something mi genet is, some special innate pnnciplo which assures us 
against barbarian attack, instead of regarding it in its proper light, as merely ono 
element of stiength vvlucli may turn tne balance in our favour, provided we are 
equally, or nearly equally, matched in other respects But history is not wanting 
in terrible lessons of the utter destruction of civilized communities. Long-continuea 
security and the accumulation of mechanical appliances carry with them and footer 
the seeds of social decay. 

These, perchance, aio remote contingencies, although yvon to nations disaster 
comes unexpected 

Moro immediate and more obvious risks are these llmt we may be beaten by 
other nations, not m a struggle for bare existence, but in industrial competition, 
and that the crowded population which has to bo maintained in these islands, ana 
which former prospenty lias accustomed to expensive liabiU of life, and not to the 
endurance of scarcity 01 hardslup, may not find the means of exchanging its labour 
advantageously for the material of its sustonancu , or that ignorancethe condi¬ 
tions of health, or inattention t > its laws, may expose us to disease. Not all of us, 
I conjecture, have leahzed how much more ditlicult nud e wtly it is to koep in pro¬ 
sperity and health the enormous agglomerations of humanity"which Western Eu¬ 
rope on the one hand, and Chum and India on the other present to us, than to feed 
tho scattered p ipulnti un winch occupy the less crowded regions of the globe. I 
think some of us are now beginning at least to undeistand that there are material 
difficulties in keeping any largo collection of ono group of animated life, together, so 
that each individual shall not intercept or contaminate the sources of "nourishment 
of himself or of other* 

Now what I wish you to reflect upon is, that these difficulties are material, and 
ore tb' refore to bo m it by a thoiough and widespread knowledge of natural science. 
With thin populations, which have more to fear fiom war and famine than from 
want of elbowroom, political and historical knowledge m tho governing close is more 
important than exact natural knowledge in the odnunistrativ e class. As the popu¬ 
lation thickens, the latter assumes more and more relative importance, and while I 
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do not think political wisdom will eve^ lose any of its \aluI think it only a part of 
that political wisdom to recognise that in such communities os ours the spread of 
natural science h of far more immediate urgency tlian any other secondary study. 
AVhatevor els** ho may know, viewed in the tight of modern necessities, a man who 
is not fairly versed in exact science w only a half-educated man , and if he has sub¬ 
stituted litoiatuie and history for natural science, he has chosen the less useful 
alternative 

One of the obstacles to the spread of science, and to our national prosperity, then, 
I take to be the undue preference given to literary over natural knowledge, and, m 
particular, the sacrifice of mathematical to classical study in the secondary school 
If you ask me why 1 lay so much stiess on mathematical teaching, m\ answei j^, 
that we need to study natuial science exactly and quantitatively, not nv»rMv to eiam 
our memory with the qualitative characters of a lew' phenomena Now, it we aie 
to count, to measuie, to weigh, or otherwise to asceitnm quantity, we me really 
practising arithmetic, geometiy, aud mechanics. If wo ran learn these more ad¬ 
vantageously than by the ordmary couree of mathematical ^tudy, wo shall simply 
change the form of that study without evading the thing Jhit m truth mathe¬ 
matics are too well understood, aud on the whole too sensibly taught, to admit of 
any gieat subversions Improvements m detail, and in the seloc(ion uf the most 
useful branches for study, there is doubtless room for, and indeed these are bemg 
daily made The chief faults I notieo are in touching algebia too lato, and in 
teaching Euclid (so called) too early I rogard abstract geometi} as a foolish 
study, unless acoompamed, and even to a certain extent preceded, by the practice 
of linear drawing Tins is too often neglected Moieover, I do not consiaer that 
what is called Kuclid—I use this expie&uon advisedly—l*. the best possible text¬ 
book for abstract geometry I doubt if Euclid, if we judge him by the best Greek 
text handed down to us, is suited to our modem requirements AVhat we actually 
u>e is not Euclid, but onlj isolated portions of his book, freely altered by Robert 
Himson In my opinion the oimasionM and alterations have dcpuvod the book of all 
lifelike vigour and human interest, and have made it as dull to tho matine leader 
os it necessarily is to the unfortunato boys whose first introduction to geometry it 
too frequently forms 

Apart from the general fault of giving too low a place to mathematical teaching 
(a great fault, and one which we are only slowly mending) is our not paying suffi¬ 
cient attention, and sufficiently early attention, to mechanical and geometrical 
drawing. Oil this point l need add but little to what was said by Plot. Kleemmg 
Jenkin in lus addiess to this Section at Edinburgh in 1871 That is possibly the 
point on which we compare least favourably with neighbouring countries One 
Important remark of his 1 am anxious to give prominence to, and tlmt is, that de¬ 
scriptive geometry is not what is wanted I fear, indeed, that many teachers of this 
subject have faded to realize its true meaumg, and confuse it with the theory of 
geometrical projection, of which it is in truth a development ami oxtcnsiou, not a 
particular application So far as tho preliminary cliaptei s of an elementary work 
on it are concerned, the confusion is natuial and perhaps nut \ei v material ,* for all 
that relates to the point and straight lino is simply plau and elevation, and tho plane 
needs but little more But the characteristic feature of descriptive geometry is due 
to the fact that surfaces cannot (with the exception of cylindrical surfaces) be 
represented by nlan and elevation. They are therefore, in this science, indicated 
by ft general ana systematic method, which, without leproseuting them to tho eye, 
enables us to handle them georaoti ically, to find their intersections, tlnur tangents, 
and their shadows, w ith the Barue certainty as* if we bad models before us So far 
as points and lines, straight or curved, are concerned, it does not differ from geome¬ 
trical projection , tho difference is, that it deals effectually with planes and curved 
surfaces, which geometncal projection cannot do. To those who have to deal with 
curved surfaces it is as important as lmear drawing iB to the student of plane geo¬ 
metry, because models are practically unprocurable, and conception in three dimen¬ 
sions is not easily got, except through descriptive geometry. But for ordinary 
school purposes it is a v ery barren exercise. I state this adv isedly, being thoroughly 
familiar with both its use and abuse, A much more important exercise of geo¬ 
metry, and one more immediately useful, is the geometrical representation of arith- 
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metic, such as we see in diagrams of thrust; pressure, speed, work, temperature, 
heat, rainfall, and so forth. But I think this will take care of itself provided linear 
di awing be taught sufficiently early 

I should leave my remarks incomplete if I did not make what you may at first 
sight think a digression, namely, some observations on our practice of teaching 
languages, especially Latin and Greok But as they do form one side of education, 
ana as we should only be half-educated without them, it is important that they 
should he effectually and economically taught. And to none is this more important 
than to those who need to use them, but * ho can spare little time from their more 
essential study of natural science I think all who value time will admit, if they 
allow themselves independent reflection on the subiect, that Greek and Latin are 
taught too much as exorcises of grammar and too little as languages It is the same 
fault as we have hod in mathematics, where making boys learn Kuelid has been 
taken to be the same as teaching them geometry Now teaching grammar and 
“construing” bears to language the same idatum that diill does to marching or 
shooting, or that swimming on a table does to taking the water In all these 
matters we have learnt that moderate drilling and plenty of work is the beat com¬ 
bination, but we have not yet learnt this lesson in refeience to tho classics. Our 
ancestors had learnt and practised it They spoke Latin m the schools, and to this 
the drill-work of grammar and syntax was the proper complement I hope you 
manage things better in Scotland, but in England it is the rule to spend from six 
to eight years in learning Latin and Greek, and it is the exception to be able to 
read either 

If we cannot escape the effects of this scholastic tendency to exaggerate the 
importance of intellectual gymnastics over actual knowledge in classical and geo¬ 
metrical teaching, lot us at least do our utmost to prevent its being extended to 
other languages and to other studies There is a class which is exerting pressure 
that wav 


l speak the more fearlessly on this subject, because, having most strongly advo¬ 
cated the extension of pure mathematics, I cannot possibly bo mistaken for an 
objector to exact learning. 

Now, returning to the subject of mathematics, I think one cannot fail to be struck 
with the increasing tendency which they exhibit to pervade all study of natural 
science I need not ask you whether it is wanted for mechanics In the older 
books on chemistry, electricity, and so forth, it w as quite an unusual thing to meet 
with an algebraic formula or a geometrical theorem Now. on the contrary, we 
find that one half of chemistry is pure algebra • organic chemistry, m particular, is 
nothing but a special branch of algebra coupled with the experimental—I had 
almost said accidental—fact that its formula are represented by actual combina¬ 
tions. This disguised algebra enters so largely Into chemical teaching that I hare 
seen full marks obtained in an elementary examination paper chemistry by 
students who really knew nothing of the science, but who did understand algebra 
■well I have recently seen a great deal of scientific work passing through the press, 
and I have been much struck by the way in which pure mathematics continually 
present themselves in all branches of knowledge. The reason is not far to seek. 
We have passed the merely descriptive stages of knowledge in most sciences, and 
when we come to quantitative study—that is to say, to discuss number, measure, 
position, and force—we are using mathematics, whether wo know it and choose to 
call it so or not. Moreover, so far as we at present know, ordinary mathematics 
are the simplest ways of counting and measuring. 

I may mention, incidentally, that I think there are evidences that mathematical 
knowledge is spreading in many directions. Apart from what is doing In the uni¬ 
versities and high schools, I have myeelf an opportunity of observing it elsewheret 
as the examiner for elementary pure mathematics for the Science ana Art Depart¬ 
ment. T1 dyear, in particular, I am able to say that there has been a very marked 
improvement in the knowledge of the candidates under examination, and I think 
the teaching of the science classes under the department is really beginning to tell 
in this important subject. Compared with the requirements of this country,' it is 
but a small matter, for there are only about 7000 candidates annually, ana these 
candidates come up more than once. Nevertheless it is good so far as it goes, and 
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I hope to see a great extension of the instruction in thin as well as in other 
directions 

Assuming the possession of a certain amount of knowledge, winch 19 now all but 
utmersally spread, the only real difficulty of a thin population in a temperate 
climate is the protection of life and property That assuied, they can without 
difficulty supply thoir material wants in the way of animal and ^vegetable fot>d and 
of clothing A very little and gonorally a voty easy selection ensures a sufficiently 
pure water supply. Moderate cleanliness will secure sweet air in the houses, and, 
except in the fons or in certain valleys, there is always pure air out of doors. I do 
not assort that these conditions always exist in sparsely peopled countries, it is 
sufficient that they may, and sometimes do, exist. 

Insecurity first, and therewith scarcity of food, htne been sufficient causes in most 
countries and in moat tunes t-o compel aggregation Towns, and e\cn largo cities, 
are quite aa much a consequence of barbarism os of ciulization The real problem 
of crokzation has been to render life tolerable in such aggregations, and that problem 
is only yet partially sohed Wo shall see by-and-by that it is now presented to ua 
in a now and \ery troublesome form It has always been a ^ery difficult question, 
and the sacrifice of life due to its imperfect solution has been enormous, and is 
still largo 

Among the difficulties of town life I reckon chiefly — 

1. The insufficient supply of fresh air, whether from overcrowding within the 
bouses, or from narrowness or unwholesomenegs of the streets 

2 The mere proximity of individuals facilitating the spread of contagious or 
infectious disease 

fi. The getting rid of excreta or waste product# 

4. A wholesome water supply to be provided and kept pure. 

Of overcrowding I need not say much here, the circumstances which determine 
that are the concern of Section F rather than of the Mechanical Section In this 
country at least it does not fall to the engineer to plan now cities in the wilderness. 
What he can do is to palliate the effects of overcrowding by supplying the means of 
ventilation and cleanliness. I do not propose to-day to entangle myself in the 
great and complex problem of ventilation j yet it is well not to pass one or two 
points unnoticed. 

It is rather difficult to say what puro air is So far as health is concerned, the 
wind off the sea or the mountain is pure, or as good as pure Whether the east 
wind be so or not 10 an open question. I suspect that its unpleasant character is 
due more to its dryness, and consequently to its chilling effect—an effect quite 
independent of its temperature—than to any actual contamination. Meat and 
milk, at any rate, will keep good with an east wind at least as well as with a west 
wind. However this may be, wo are all sensible that when we are to leew&Td 
of a large town the wind smells of the town. Not to mention factories and 
unsavoury trades, one day it has passed over miles of hot roofo and walls, and 
streets of unclean dust; another day. the rain or the watercarte have converted 
miles of street into a reeking slough, compared with which a natural |bn is a 
cleanly thing. In any case we know and feel that we are breathing tbs waste 
products of human Industry and of human life, to the detriment of our vitality, os 
well as to the offence of our nostrils. 

I do not think sufficient attention has been paid to the mischief which may 
arise from copious watering unaccompanied, by careful scavenging. We all know 
what town mud consists of, 1 U wkolesomest element being probably what makes 
it look the worst, namely, soot. In London there are hundreds of acres of mud and 
dirt kept almost constantly moist, by rain when there is any, and by watercarte 
when there is not Now it seems to me that, merely looking at it from a broad 
general point of view, this Is not likely to be healthy j it seems to combine all the 
conditions necessary to the carrying on of unhealthy putrefactive and vegetative, 
processes on a very extensive scale. 1 do not pretend to estimate the quantitative 
effect of this as an element of disease, but I think it would be making a large 
demand on your faith as well as mine to ask you to doubt its qualitative effect. 
At any rate, I think we ought to consider very seriously whether mere watering la 
any proper substitute for careful and complete scavenging, and whether, in feet, we 
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are not spoiling a useful prueon by an unintelligible application of it—one of the 
great d Uigurs of improvpmPKt 

The second point whuh I have mentioned—tho facilitation of contagious or 
infectious disease by nvue proximity—is obvious enough in its generality. Its 
details belong to Section 1 1 

Tho atmosphere is pr >b ibly a much greater earner of noxious germs than water; 
but, as l)r, Tyndall 1 ms judiciously remarked, the aenal germs appear to be soine- 
tuno 3 in a less forward, and sometimes, perhaps, in a more effete, state of develop¬ 
ment than those wlmli are met with m water, or which have once taken root upon 
moi^t tiH^ues On the nverage, therefore, resistance to them is probably easier. 
Hovvewi this uutv b', it is clear that we cannot subject tho supply of atmospheric 
air, winch is necessary for our lungs and skin, to the same complete chemical or 
mochamcal treatment as we can, and do, when necessary, our supply of drinking- 
water Any attempt at the disinfection of air of doubtful punty must necessarily 
be of the crudest and most empirical kind In the present state of our know¬ 
ledge and resources it can hardly be of interest to the engineer 

The third point affords a remarkable example of what I have just mentioned as 
the greatest danger of all improvements—their unintelligent use. No one can 
deny that the walercloset and the sower are great mochamcal improvements ; yet 
they have been great carriers of disease. Aa applied to tho particular problem of 
getting nd of w aste products, especially solid products, I do not think they wc re 
any improvement at all on much that we already had. In many towns m Great 
Britain, where there previously existed a well understood and well earned out- 
scavenging system, I think they have done more m saving trouble than in con¬ 
ducing to nealth I think the real key to the problem of getting nd of the nuisance 
of waste products js to be found in the old aphorism that dirt is simply matter out 
of place I fence tho hist step is to take care that such products shall not become 
waste, uid one condition of this is, that they should not bo carelessly mixed The 
greater >art oi the sewage difficulty is, I think, simply the result of neglecting this 
truth, rt is especially the case with London Bewnge With our water supply, our 
watercloset system in houses, our drainage of houses, lactones, and streets all 
together, we have accumulated a river of filth, tho complex admixture and 
enormous mass of which hav o rendered it most difficult and dangerous to control 
effectually I think we shall yet bo dmen to meet the difficulty at its source in 
tho way suggested—by dealing with it in detail, subdividing both from houso to 
house and from kind to kind, and allowing nothing but the mere washings of the 
streets to got into our sewers at all So far as the getting nd of waste products is 
concerned, I believe we must be content to write off tho whole cost of our Metro¬ 
politan Main Drainage. 

There is another undoubted improvement which the legislature has decided upon 
applying to London, concerning which I feel no small amount of misgiving lest it 
should be applied without intelligence, and that is, the constant supply of water in 
place of tho intermittent cistern supply. As a mere mechanical convenience it 
will be a veir great improvement, but I foresee two daugers, one of sewage con¬ 
tamination through the waterolosets, the other the waste of an article already 
becoming scarce The first ls no idle fear. The experience of Croydon and other 
places has shown that it is possible to make the water supply and the sewage ft 
circulating system, with fever or cholera as its inevitable consequence. It has 
been bad enough in several places of moderate sue, but in London, whether we 

X d it with reference to the mass of contaminating material, or to the quantity 
man life to be affected by it, the risk has a much more serious aspect. I shall 
be sorry to see the constant supply established in London without taking some 
effectual security, either by the interposition of cisterns or otherwise, to prevent 
the possibility of back'draught from the cess to the drinking-water. Without some 
such pre' fubon, I think the mechanical improvement may be a fatal gift. 

I have said that the problem of the crowd, if I may venture so to call that of 
maintaining purity in the supply of a dense population, is now presenting itself in a 
new and very difficult form. That is so notably in the matter of water supply; 
because uxftil now it has generally been possible, by some expenditure in aqueduct* 
ana care w the selection of the soutces, to obtain a sufficient supply of thoroughly 
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pood water, not always perhaps of chemical punty, hut at any iato fue fn m any 
great contamination of mmnm and especially of hammcxcii'ta Tin* pi ^mbilitv 
threatens to disappear in the United Kingdom germally , and especially so with 
legard to the man ufat tilling districts and to the ei ki < f Knglat d, not only 1’ioni tho 
mere mcicaso of tho population, hut much nioie fiom the highoi cultivation < f tho 
land. Tho moorlands are eveiy where being bn 1 1 n up for the plough, fallow¬ 
ing has given place to heavy manuring and to sew *ge urigulion, botli oi winch are 
liuely applied to prwtmo as well ns to aiablo lied 'the population ot bullocks 
mid sheep lias also increased with the human p ipuh lion The lcuilt n thnt the 
mm is contaminated as soon as it loaches the gn und The siufaco dunnage, 
instead of bong water nat ill ally dislilkd, flowing < ff clean glass oi hh is the 
w ishmgs of mamne The tpimg-wliter, again, is not puio inm-wntei w hn h linn 
pawed tinough a rock-filter aid has taken up some imnual ingudioits, but is 
simply those manure washings more or less completely tillered In tm stieamH 
the water derived fiom both these soiuces undo] goes fietdi e\pi one and di liming 
by aquatic vegetation, but at the same time fiosh contamination lie incio 
statement of the problem m this way canies with it, almost axiomatic >llv, tho 
inference that the cifective diaiftcter of hlti.ilion is a matter for quantitative 
investigation, no I for assumption as peifect m d complete Wo know, muieover, 
that some of those natuial lilteis have been ovejt ’Aed * 

Let us now turn aside to consider wlmt tl e woik to be done, and what is, so 
far as w r e aie able to understand it, the woik n< tuallv done by hltiatum 

I believe I am light in saying that with the exception of tho strong c* liosnes, 
which act like weapons latfai than as lindicnmeuls, no one leally knows what 
poisoning is. We must take it as an expulsion used to Mimman/e tho unknown 
and possibly inscrutable chain ot oventsot winch we only see the punmiy cause 
and tho ultimate effect We nmv perhaps go ono step author m lespect if the 
poisonous effect ot oigame sewage in its uniillered foiin It contains, fur one 
tiling, the dead products of oigame decay A gains filter or an eaith filter very 
lapialy renders tins part oi the sewage innocuous by oxidizing it Then it con¬ 
tains germs of animal life, gome of which, unless intercepted or killed, picy para- 
siticnlly on tho larger mammalia Thndlv, it contains vegetable germs, clotely 
alliod, it would seem, to the moulds and othei small fungi, llieso, finding a losting- 
place in our bodies, glow and destroy in spoil the cells of which our own growth 
consists, much in the same wav that tho ynst fungus modifies the worts 1 1 beer, 
or that tho common mould spoils tho flavour of a pot of jam. The effect i f such 
spores upon us is culled 7 vmutic disease The liist class of impurities h pretty 
easily dealt with. Probably the means nlieady exist of calculating at what point 
any given filtoi will or will not be overt haiged in respeet of its defecating function 
by the oxidation or entanglement of d<» id matter 1 hit the question of the filtra¬ 
tion of living genus is altogether inoio obscure Mo know that many of them 
cue caught and effectually intercepted hv both suiface and underground filtration , 
but we do not know in what proportion tins intercepting takes place, either on the 
aveiago of all genus m with influence to each kind of geim winch may be present 
—different questions not always suflit icutly distinguished Then we also know 
that the life of some genus is destroy < d if their development be too loi g retarded. 
Bateman, Michael Scott, and others nitoitvards have dewribid the remuikable 
effect which storing w’ater m dark tai Ls has in keeping it clear, not only while it 
remains m darkness, but even under mb oquent exposure to light. Now wo have 
at present very little quantitative or w ell-digested knowledge on these subjects. In 
fact, little more is known of them th m is contained in the crude statement which 
I have juA laid before you. Me have no muias of experiments to show what 
or how many germs escape a given pic teas of filtration or storage . and it is not 
every germ that w o need be afiaid of. tho greater part of them, probably, are qu te 
innocuous. All that the chemists have been able to give us is a dubious estimate 
of the total quantity of organic matter (whatever that term may mean) which the 
influent and effluent waters soveially contain. They do not and cannot tell us m 
w'hat form the matter exist*, whether dead or olive, animal or fungoid. Now fer 
many purposes tho information ho given is about as useful as it would be to know 
that there is animal and vegetabV life in a given field, without being told whether 
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it ifl com or couch grass, rats or rabbit*. On this subject I think both the engineer 
and the chemist will but grope in the dark until the biologist comes to their aid, 
working statistically with his microscope os woll os observing particular develop¬ 
ments. Whether any obser\ ers are yet prepared by preliminary knowledge for such 
l m estigations I know not, but sure I am that the need of them has come 

It may be some consolation to the timid or fastidious among my listeners to be 
assured, first, that only a few organic germs are eapablo of hurting us. and, 
secondly, that an overwhelming proportion of the germs of life perishes Without 
reaching maturity or at tinning the power of doing mischief. This destruction goes 
onto an extent little dieamt of except by those v\bo have minutely examined tho 
question It m not an exaggeration, but m many casea an under-statement, to say 
that a million germs nrn produced in most of the lower forms of life for one which 
e\or reaches the reproductive stage in its turn Numerical evidence is easily 
obtained of tins m the ease of ferns and lycopodiums and fungi among plants, and 
of many worms and fishes and other t matures of lower organization among 
animals This constitutes at the same time our safeguard and our dangnT a 
aafeguaid, by the improbability of our meeting the few survivors of this enormous 
destruction ; a danger, from their rapid increase when they do happen to meet with 
a resting-phiLe favourable to their development 

What is practically becoming most essential to m just now is to bo able to pass 
from vague generalities, such as these, to definite and quantitative statement*. 

No doubt much may be done, and is daily being done, to come to the assistance 
of these natural processes of purification by submitting water of doubtful quality to 
various operations < aleulateu either in remove ceitain (lasses of impurity, or to 
avoid clogging or otherwise ovcitasking tho natural or other filters But nt 
present wo are working in the dark, and empincally, m fact, applying quack 
remedies at random, instead of setting to work systemnlically autf intelligently. 
Much fuller knowledge must bo aequo od before we can understand our business 

In the meanwhile I think wo must view with great and increasing distrust all 
merely selective sources of water mipplv, and that, except perhaps in some favoured 
localities, such as the best of tho gathering grounds from which Glasgow is 
happily supplied, wo must not put too implicit confidence in any methods of 
filtration or boniig 

Besides, then, tho general investigation which I have just spoken of, them 
remftin two alternatives to consider, each of daily increasing importance in certain 
localities One is the separation of tho drinking from the ordinary supply, the 
other is tho distillation of tho drinking-water Neither of these are now; and 
there are many places whore they are of obvious necessity, and practised with the 
greatest cam accordingly. I think both require more attention than they have 
received in this country. 

As regards the separation of supply, it surely is not seemly that where there is 
no scarcity of water, but only a scarcity of wholesome water, the waterclosets and 
factories and condensers of steam engines Bhould bo putin competition with the 
dry throats of the people for tho drinkable supply 

The question of distillation also requires further study. Them seems to be 
no doubt that by subjecting water to sufficient heat we can destroy every living 
germ in it, and that by distillation we may combine this with the removal of 
almost all inorganic matter. At present the process seems to be rather expensive, 
and brings it up to a price which is far too high for its general use But I think 
that When the process comes to be carefully gone into, with a view to working it 
upon a very large scale, it may not be found impossible to effect a considerable 
saving upon this cost, In fact, the mere necessity of delivering the distilled water 
at as 1 w a temperature as possible, without the use of too much cooling material, 
is a security for the employment of as little coal as possible We should require 
a settle: ent with the Excise to prevent the revenue suffering by fraud; bux no 
doubt a compromise could be arm ed at if the necessity were felt to be urgent. 

The collection and arrangement of my thoughts, with a view to the remarks 
just addressed to you, has Drought before my mind very strongly certain con¬ 
siderations, some of which, being partly of a political character, I shall rather 
indicate th*n discuss. 
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In the first place, there 10 an evident and urgent necessity fui the whole 
question of the watei supply, »t any rate of England, being much moie tho¬ 
roughly investigated and taken in hand than it has hitherto boon thought 
necessary 

Secondly, there 10 need for the concentiation of the business of tht supply and 
distribution of water (including frequently the management of the gathering 
grounds), the roads, the lighting, and the drainage in one boaid for each town 01 
district, profitably tho municipal uuth nty In Loud n, whoie then is no such 
concentration, the waste and uiconvcmeuce arising from the mdepend* ncc <f the 
load gas, and water authoiibes in the nuro mattei of breaking up the loads is be¬ 
coming a v< ry a nous c msideiati m 

Thirdly, then ih a want (1 kn nvlcdgt (t natmal science in the local govt ruing 
bodies, which is but ill supplied by their tmpl lyment ot professional f fhceis Much 
more of it is want* d in tho governing councils themselves before their technical 
advisers can be either pr peily appro* laled or properly controlled Whether this 
is to bo got by tin dinct infusion of a pioftssionnl ch ment into tho council itself, 
or vvluther it is best to wait foi tin general opiead if natural knowledge,I scarcely 
care ev< 11 to film a judgment 

Fouithly it is a popular delusi n, especial 1\ picvaknt in this Section, that the 
lnvtntion and provisu n of a mechanical convenience arc necossauly an immediate 
social btnefit Theie are main ca os in winch the direct effoct is to facihtate 
personal indolence or caioltssne^s It is then ft positive evil, until, cither by 
natural selection or by exponent*, luoro cartful habits have bten revolted to 
1 here m e other cases in which tho indirect consequent ft are mori mischievous 
than tho direct advantages are beneficial lime, again thoit is no beniflt until 
those consequences have been nut Then is a disadvantage winch only attaches 
to the immediate effects of some particular inventions On the whole, of course, 
invention is not only a good thing but, together with discovery, n necessity of our 
nature and of our existence Meanwhile our immediate national necessity is a 
wider, deeper, more exact, and more g( noral spitad of natural knowledge 


On the Knnoud of Sufxiqucous Rocli by the Diamond Rocl-borei 
By Major Bkaubiont, M P 


On the Removal of Sand-bar* from Harbour-mouth f By M Berofron 


Hand-machine for Shaping atul Finishing Metal Surfaces By J B Betnon 


A Flanging-iron and Steel Plates for Boiler purposes By A B Brown 


On an Engine for Stai ting and Reversing large Marine Engines 
By A B Brown 

The principal feature of this engine consisted of a combination of steam and 
hydraulic cylinders, controlled by an automatic valve-gear, which enables the 
engineer to reverse the largest endues without assistance in a few seconds This 
is accomplished by the lever which opens and closes the steam and hydraulic 
valves being hung partly on the rerersing-lever and at its other extreme on the 
yrelgh-ehaft lever, so that any motion given to it and the valves by the engineer 
in one direction is counteracted by the movement of the weigh-shaft lever to 
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which the links of tho marine engine are attached. In this wav these links follow 
the motion of the reversing lever, and are locked fast at any degree of expansion 
in tho quadrant 


On a Machine for the Lujuefution of Oases by combined Cold and Pressure . 

By J J Colejun, F.C S. 

This papci desuibca a powerful machine, erected for dealing with 300,000 feet 
per day of waste gases at tho woiks of Young’s Paraffin Light nnd Mineral Oil 
Company 

The machine includes— 

1st Tice pumping ot the gas by steam-power into a system of tubes externally 
cooled bv water, and from winch condensed liquids aie withdiawn 
*>nd Employing tho condensed gas, aftc r being deprived of liquids, for working 
n second ongino coupled wuth and parallel to the fiist, thus lccovenng a portion of 
the foicc originally employed in compression 
3rd Employing tho expanded gas, having had its tenipeinturo reduced in tho 
act of doing w f orK, as a cooling agent for a portion of the condensers to near zero 
Fahrenheit 


On Drainage Outlets th)ough Slob Lands , By A. Chum-Ewing. 

The author described tho means ho lind employed to open up a th&nno. , „ 
miles long through slob, in the colony of Demcrara, for tho purpose of reestablish¬ 
ing natural drainage' This slob is a deposit from the great rivers of the northern 
part of South America , and when it sets in in front of the plantations, completely 
mocks up their drainage outlets The method employed was to lay a steel rope 
all the length of the mud-hank, and, by means of Fowder’s clip-drum placed m a 
small steam-v easel, which had strong drag-harrows attached, to run the whole 
apparatus rapidly r fiom end to end of tho rope When tho water discharged from 
two very powerful centrifugal pumps was brought to bear after the dredge, a 
marked effect was produced, and a channel W’as being rapidly opened deep enough 
nnd wide enough to carry off tho heavy rainfalls (sometimes as much as six inches 
a twenty-four hours) without having recourse to pumping—a matter of great cf“ 
sequence, as tho expense nnd risk of pumping are large. 


On recent Attempts at Patent Legislation . By 8t. J. Yin 


On the Form of Blocks for Testing Cement . By G. F. Deacon, 


On the Strength of Concrete as affected by delay between mixing and 
placing in situ. By G. F. Deacon. 


Description of Stobcross Docks, By J. Deas. 

The first portion of giouud purchased for the works wrs m 1846, and consisted 
of 36 acres At that time a wot dock and tidal basin were proposed, having a 
total water spaco of 17 acres and 16 acres of quay space, tho length of quayage 
being 1468 yards. Until within the last few years, however, the Clyde trustees 
were able y obtain ground on both margins of the river sufficient for the required 
quay extension^ the river itself forming the water space, and requiring little ex¬ 
pense tovjnake it available opposite tho naw quays. 

In 1864 the Edinburgh and Glasgow Bail way Company (now merged in the 
North British Bailway Company) obtained an set to make a railway from their 
Helensburgh branch to the authorized docks, with a station immediately on the 
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north side of the docks, but nothing was done till 1870, when the Clyde trustees 
obtained an act for enlarged docks &c, and the ruihvay company an act for the 
lenowal of the site of the station 

Under their act the ( hdo trustees purchased additional ground to enable them 
to cmry out the works now nuthorutu The Inigc caitoon plan fallowed the general 
outline of the docks and the daemon of the I nntlmuw JU( ad Ac Thoraudis 
*55 hot wide, and e\t< nds fiom Sand) ford Sticct to Stobcrops Stiut, or a length 
of yards, it has bun forntd tntirely in cutting, the average depth being 
204 feet, the greatest dipth 1 icet and tlio total quantity k moved Mas nearly 
100,000 cubic }ards, of which about a fourth was boulder clay Only the 
immense power ot lynamiU ennbled this to be lemov (d Hit cost of tlie lead, 
lmludm 'land, was about £45010 

The docks will bp tidal, and when complete will afloid JJj acres of water 
space 20 feet deep at low watei and will c inpisi flue bavins 1 he tnlianco 
from the rivtr is at the west end ot the docks and is 100 feet in width, communi¬ 
cating wuth an outer basm ( 05 fee t wid( at its widest j ait and Iw > inner basins, 
270 feet and 210 In t wide lespec tnely, ll < j u r 1 etwt en 1 cing 105 ftet wide The 
total area of qua) span willbt27i Kits and tin length cf quays about 1142yards 

The entrance will be spanned by a w\ ng bndgf worlu 1 by hydraulic power, 
and capable of tailing a lolling k d ot ( 0 tons lime will also bt ftui coaling- 
cranes, rich eapabli f liftn p ~0 t ns al j worked by hjdimbc powtr The 
bridge, cranes and the noccssarY hvdiauhc innehimry are boi g c instructed by 
Sir W Cl Armstuig ^ Co llu quays will aho 1 e provided with sheds grun- 
stores, , and lines of iail« 

From the bonngs made on the line <ftlie qun^y walls, it was ascertained that 
the etiata weic of tho worst posvible kind in winch to consliuct such woiks, con¬ 
sisting as llu v do(txcepling at tho noith west cemcr, wlurt b( uldtr clay was 
found) of water bearing gravel aud sand, inter*pastd with pod (is of mud and 
that to reach tho lock with th< foundatu us, (\cept along a portion of the north 

n , would be out of tho question A longitudinal and a cross section of the site 
o docks, showing the strata as ascerta ntd fiom the boas, wm sin wn on tho 
cartoons 

For the portion of north wall in the b uldei clay, and when the rock was witlnn 
& depth of about 40 f et under copo level, the usual section of wall has been 
adopted, but for the remainder of the w alls and bndgt st at, w'hcrc the stratum is of 
Band and gravel &c , charged wuth an enoimous quantitj ( f wato especially under 
low-water level, nnd tho lock at a depth of fiom 50 feet to 100 ftttbdow cope- 
level, tho system of cylmeler substructure k commended by Mr Bateman and tho 
author of this pnpe r in 1800 nnd succ ssfully cnrrn d mto t fiiet in the construction 
of Plantation Quay wall and bO-ton crane seat thtre, in 1870-75, was again fixed 
upon A small portion of the west wall of the dock is founded on sheet and beni- 
ing piles where the boulder-cla> suddenly dips, and a timber-wharf outside of the 
dock-entrance, wheie the quay may bo of a less permanent nature 
The cartoons showed the ge neral de tails of the w hole of the se'w alls, ns well as of 
the bridge-seat 

lhe first contract, < mbracing the entrance and western portion of the docks’ 
walls, was let in August 1872, tho amount being fully £160 000 
lhe whole of tho cylinders are of concrete, composed of 5 of giavcl or broken 
stones and sharp sand to 1 of Portland qemont of the strongest description, mixed 
together by steam-power with the necessary water The cy liuders for the quav- 
walls are about 27 feet 0 inches m height, made up of rings 2 feet 6 inches deep, 
the thickness bung 1 foot 11 inches Tluso rings aie f<inud witlnn wooden 
moulds, on a platform, and, to facilitate lifting nnd break bond when built mto the 
cylinder, they are divided mto three pieces andfour pitct s alternately Tho dividing 
of the rings is effected by iron plates placed across the mould in the positions 
required The corbelling or bevelling of the bottom ring is done by placing con¬ 
tracting pieces m the mould on which to shape the ring The seat for the iron 
washer on the top of the first, or “ corbelled nng,” and the holes for the bolts to 
secure the same to the iron shoe are also formed in the moulding of the rings 
The concrete, as it is filled into the moulds, is well rammed with rammers weighing 
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25 lb,, so aa to secure homogeneity and a smooth surface. Twelvo hours after 
filling the moulds the division-plates are withdrawn, and two days thereafter the 
moulds are removed from the sides of the rings, and in a period varying from nine 
days m dry hot weather to three weeks in rainy weather, the rings are ready for 
removal and building The content of one ring complete is 10} cubio yards and 
the weight 18 tons , tho heaviest portion weighs about 0 tons 

The shoes nre of cast-iron, 2 feet deep, of the same external shape as the bottom 
of the cylinder, of 1-inrh metal, with a bevelled inner shelf on which the corbelled 
ring of the cylinder re^ts, and to which it is secured with a malleable iron ring ov 
washer, 5 inches by } inch thick, held down bj l}-mch bolts The shoos of the 
ordinary triuue cvliudors weigh about 4} tons each, and, for com enience m handling, 
are made in siv parts 

In tho construction of the cylinder substructure, a trench is made in the line of 
the foundation (the bottom being about low-water level), of the necessary width, 
and slopes of about 1} horizontal to 1 perpendicular, mer which, or alongside, is 
erected the necessary staging to cairy the travelling cranes and digging apparatus. 
The shoes are placed on the bottom of the trench in proper line and position , the 
concrete rings are then built up in rings of three ana four pieces alternately, 
pointed m cement, and the digging out of the sand or gravel &c within tho 
cylinder-wells is commenced Hpocial diggers or excavators have been designed 
for this purpose 

A load or from .*100 to 400 tons of cast-iron weights is generally requirod during 
the sinking of each triune gToup of cylinders, to assist in sinking it to the proper 
depth, which is 48 feet 7 inches from the cope-level of tho quay to the bottom of 
the shoe. The average rate of sinking is about 12 inches per hour in good working 
sand, howevor, as much os 3 feet per hour has been attained 

When each group of c\ linders is sunk to the proper depth, the wells are filled 
to the top with Portland-ccment concrete, lowered to its place carefully. 

To effectually close up the apertures formed by tho pnuing of each two groups 
of cylinders, a timber ehocb-pile, 2o feet long by 0 inches square, is driven behind, 
angfewise, so that a sharp comer mav bear hard against each of the cylinders. 

The foundation for tho swing-bridge consists of twelve concrete cylinders, each 
0 feet in external diameter, 20 feet in depth by 23 inches thick, formed in rings, 
and resting on cast-iron shoes, a* described for the quay-wall foundations. After 
the cylinders were sunk, they and the interstices between them were cleaned out 
and filled to the top with concrete, chock-pilos being driven where required. On 
the cylinder-foundation thus formed, a stepped ashlar pier, 10 feet square at the 
bottom and 10 feet square at the top, by 7 feet high, is erected, with a block of gra¬ 
nite 7 feet square by 3 feet 0 inches deep, on which the centre lifting-press of the 
bridge r*sts This pier is surrounded by concrete rubble, the whole forming a 
mass of masonry 30 feet 0 inches by 32 feet 0 inches by 10 feet 0 inches high. 

The foundations for the hydraulic rams, capstans, and side walls of the bndge-pit 
are formed on single concrete cylinders placed apart and spanned between by brick 
arches. The cartoons showed the details of the foundations. 

The first of the ground acquired for the docks was bought in 1845, at 0s. 0dL per 
square yard, and the last in 1872, at lifts 

The total cost of the docks, when fully equippod, will approach £1,500,000. 


Improved Safety-A\pparatus for Mine-Hoists and Warehouse-Lifts, 

By Thomas Dobson. 

This Apparatus, for checking the downward movement of the cage, or hoist-box, 
in case * t the breaking of the enspending-rope or gear, consists of a mechanical 
arrangement of levers, which expand through the intervention of a spring acting 
upon the inner end of such levers through a sliding-sleeve, and so “strutting out,* 
as it were, against the guides, or by gripping the guide-ropes, where ropes an em¬ 
ployed instead of uprignt timbers. 
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On the Application of Spring Fenders to Pur-heads. By Mortimer Evans, 


On a Safety-Lock for Facing-points. By Mortimer Evans. 


On (he Experiments made at the Camp at Aldershot with a new form of Military 
Field-Railway i for rapid construction m war time By J B Fell. 

Field-railway* arr now recognized as being amongst the most important appli¬ 
ances in modern warfare; but liithorto it has been found impossible to have them 
constructed with such rapidity as to be available for the transport-sen ice at the 
commencement of a war 

The Crimean war was far advancod before the Balaclava railway was finished 
The Abyssinian war was o\er about the same time as the railway from Zoolla to 
the Koomaglee Bass was completed 

The railway made by the Herman armv in the Franco-Uermau war was not ready 
for working until within a few davs of the fall of Mata, when it became useless 

The railway sent out to the Hold Coast was absolutely useless, and the difficulties 
and dangers of the expedition were much increased by want of the moaus of trans¬ 
port which the railway might have afforded for the first 30 miles on the road to 
Coomaasie Consequently the use of field-rail wo ys to a great extent depends upon 
the rapidity with wWli they can be constructed 

The cause of the partial lailure of the military railways lntheito made is to be 
found in the impossibility of executing the works of which ordiuary railways con¬ 
sist. such as cuttings, embankments, and masonry, with the rapidity necessary for 
laying down a field-railway at the commencement, or even in the early part of 
a war 

Our Government ha\e therefore had under consideration the practicability of 
adopting some other method of construction by which the difficulties hitherto 
experienced might bo overcome For this object the Bovnl Engineer Committee 
ftt Chatham have had a senes of experiments earned out at tho i amp at Aldershot, 
of which Caption Luard, B E , and the writer of this paper had charge The 
experimental railway consisted of a succession of timber viaducts, which supplied 
the place of earthworks, culverts, and bridges, nnd which, when the materials had 
been prepared, could be erected with great rapidity The conditions the Com¬ 
mittee desired to have fulfilled in the tnals were, that ftn engine, not exceeding six 
tons in weight, should take a train of thirty tons up an incline of 1 in 50, and travel 
at an average speed of 10 nules and maximum of 20 miles an hour. The waggons 
were required to carry a load of three tons of dead weight each, and from 300 to 
500 cubic feet of bulky articles, such as tents, hay, ana commissamt stores A 
seven-ton siege-gun was to be curried on two waggons ; and it was to bo shown to 
be practicable to construct one mile of railway per day over such ground os was 
selected by tho Oonynittee at Aldershot, by the labour of 500 men. 

The experimental railway was ono mile in length, the gauge 18 inches, steepest 
gradient I in 50, the sharpest curvo 3 chains radius, and one of the viaducts was 
000 feet in length and 24 feet in height Tho structure was of a simple form, and 
consisted of two beams, which wore bolted to a kind of trestle-work supports, 
which were sunk to a depth of 12 inches and firmly fixed in tho ground, the rails 
being hud on the beams, completed the lAilway, for the construction of which no 
other than military labour was required. 

The experiments occupied at intervals a period of twelve months, and the Com¬ 
mittee camo to the conclusion that the result of the trials had proved that the 
above-named conditions had been in every respect complied with and exceeded. 

It had been shown that a single line of field-railway, constructed on the By stem 
employed at Aldershot, would oe capable of earning ammunition and commissa¬ 
riat stores sufficient for the supply of an army of 100,000 men; that a double line, 
and day and night service, would be capable of supplying an army of 800,000 men; 
that a single line of railway could be made, over ground similar to that at Aldershot. 
At the rate of 2 miles a day by 500 mon; and that, if it should ever be required, it 
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would be possible to construct ft field-railway at the speed at which an army of 
100,000 men could march 

Besides the Royal Engineer Committee, a considerable number of civil and 
military engineers, both English and foreign, were present at the experiments 

In the course of the tiinis and subsequently improvements havo been made in 
tho form, materials, and details of the structure, by winch the carrying powers and 
the efficiency of the railway have been considerably increased 

An ordinary transport ship accompnm ing an expedition w ould carry the materials 
and rolling-stock for 12 miles of field-iailway, and the ‘Great Eastern* steamship 
would carry from 70 to 80 miles 

The cost of the mile of railway at Aldershot, with sidings, stations, and rolling- 
stock was £3500, and a similar railway of 2 feet 0 inches or 3 feet gauge, to be 
worked by engines of ten Ions weight, and waggons carrying loads of six tons each, 
could be made for aliout £-5000 per mile, the cost of ores ting included. 

Although a railway made on the system above described could not be expected 
to carry the same amount of traffic ns one 4 feet 8} inches gauge, made m the 
ordinary way, it would bo quite capable of performing the whole of the transport 
service for a large armv in tho tiedd in a more efficient manner than it could bo 
done bv horses, at a much less cost to the country, and, in tho opinion of military 
authorities, the value of such an improved method oi transport In vvnr-lime could 
scarcely be overestimated A difficulty, and perhaps the principal ono remaining 
to be overcome, in practically carrying out this or any similar improved form of 
field-railway, is tho necessity of inourrmg the expense in peace time of making pro¬ 
vision for a future war, and no Administration would willingly assume the respon¬ 
sibility of Ruth increased expenditure unless it were approved and required by tho 
public opinion of tlio countrv It is therefore desirable that publicity should bo 
given to'the experiments already earned out by tho Government at Aldershot, 
and that tho subject of tho best method for the rapid construction of field-railways 
m war-time should bo fully and freely discussed. 


Railways on Three-foot Gauge m the United States. 

By Capt. Douglas Galion, C B., FRJ3. 

In recent y ears a considerable development of these lines has taken place Tho 
railway in the United States is the pioneer road , it must bo made as cheaply as 
possible nt first, and improved as population increases. 

There are at present 7973 miles projected and 2700 completed The Denver 
and Rio Grande is intended to be 1700 miles long, of which 210 miles aio com¬ 
pleted Tho estimate of cost of a narrow-gauge line m a praine country is given 
by the promoters at £1900 per mile for liuo and £758 per mile tor rolling-stuck 

1 ascertained that the cost of the Montrose railway (28 miles long) was £2300 per 
mile, with two locomotives, two passenger-cars, one bnggage-tar, and thirteen 
freiglit-caifl This is a purely agricultural line, rurming up into a country up a high 
elevation, and with small traffic. The Porker and Korns City railway cost £6500 
a mile , but it is only 10 miles long at present, and has an equipment of four loco¬ 
motives, five passenger-cars, forty-six freight-cars, and a viaduct 400 fcot long and 
74 feet high This lino is for opening out ftn oil district. 

The curves on tho lines are in some places 120 feet mdius, and some gradients 
are as much as 1 in 40. 

Tho rolling-stock is as follows*—Engines for passenger traffic have a rigid 
wheel-base of fl feet C inches, with four driving-wheels (coupled) of from 3 feet to 
3 feet 4 inches diametor, the weight on each driving-wheel from 2 tons 4 cwt. to 

2 tons 8 cwt j total weight of engine from 24,000 lb to 32,600 lb 

Frev'at-engines have six wheels coupled, and the wheels are from 33 inches dia¬ 
meter ni some patterns to 40 inches diameter in others, and the weight on each 
dri^t^j^heol is from H to 2 tons; the total weight of these engines is 20,000 lb. 

In th« cars, the wheels are 24 inches diameter; they weigh from 15,000 lb. to 
17,000 lb., and cany thirty-six passengers \ they weigh from 410 lb. to 470 lb. 
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per passenger The 4 feet 8 inch gauge cars weigh from 28,000 lb to 33,000 lb, 
and carry Tram fifty to seventy passengers, or from o SO lb to OOJ lb per passenger 
The 3-foot gauge cars are 7 feet wide, which allows double seats on one eido 
and single seats on the other, with an aisle down the centre Recently the cars 
hav e been increased to 8 feet in width, which allows of four scats abreast, or a total 
of forty-seven passengers 

Ihe freight-cara have wheels of 20 inches diameter The covered freight-car 
weighs 10 000 lb as against 17,000 lb or 18,000 lb for similar cars on the 
4 foet 8 inch gauge, anti the nanow-gauge cars carry 8 tons as compared with 
10 tons earned m the standard gauge Thus a tram of sixteen cars of the stan¬ 
dard giuge w >uld load twenty cais on the narrow gauge, and the total weight of the 
narrow-gauge train would bo 200 tons against 200 tons fir the sLandard gauge, 
i e a saving oi 10 tons, equivalent to 22 t ms of additional freight 

Thus ou tne narrow gauge the paying load beais a greater proportion to tho dead 
weight than on the standard gauge 

But tho heavy weight of cars on the standaid gauge has boon brought about by 
necessitv of strength to resist shocks received in (ourso of traffic 

The narrow gauge lias bt i n hitherto constructed so as to be as light as possible, 
and the scantlings navi been made in proportion to gauge, but evidence is aheady 
given of a desm to increase the weight, and tho weights corned on the cars show 
that it is probable mcrcast d strength, i r weight, will have to bt res >rted to 

Ihe great width which is c mnng into use for the cars, e q 8 ft 11 on a base of 
3 feet, must bt unstable , and I do not think that this mode ot increasing tho pro¬ 
portion of paying weight can stand But if uus of 8 feet wndo aro run but little 
economy can be claimtd for tht 3-Ioot gauge on tho giound of diminished width 
of railway 

Tho longer tracks ( f the I mted-States railways enable all the plant to pass 
casil} round curves and the use if radial avles also contributes to that end, and 
there was at tho LxJnbition the Miltnnow axle, of which a specimen whit h had run 
12,000 miles was shown, in which tho wheels move on the a\lo independently of 
the a\lt, this mateually diminishes friction on cunts A train with these axles 
has bten running on the 1-foot ml way m the ( entenmal grounds These ap¬ 
pliances enable the standard giuge to be constructed with curves practically as 
sharp as those on the 3-fout gauge 

Ihe weight of lads depends on weight of engine a standard-gaugo engine can 
be mode as light as the 3-foot-gauge engine, but tho light engine will not draw 
heavyweights up the steep inclines necessary for a line which follows the contours 
of the ground In the Umtcd States the 3-foot gauge has the conveyance ot cars 
which can be more easily moved at stations than the cumbrous cars of tho stan¬ 
dard gauge 

The break of gauge entails a cost for transhipment of from 10c/ a ton where tho 
traffic is regular to Is 0 d to 2* a ton where it is intermittent The line may be 
useful as a pioneer line, but when tho traffic becomes large it will have to be con¬ 
verted to the standard gauge A standard-gauge lino would answei all purposes, 
if made with a light rolling-stock 


On an Tmproied Qiain-sieve By J II Greenhitl 


On Improvements m Railway Appliances By R R Harper. 


DocJ - and Quay-Walh , Foundations , cf c By T S Huxtbb. 

In this paper the uuthor described the construction of dock- and quay-walls, 
foundations of bridges, subways or tunnels, sewers, and works of a similar nature, 
and also the means used to facilitate such works 
In carrying on operations where the sinking of foundations has to be effected m 
situations where water permeates the sand or soil so as to flood tho works, a dam 
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may be employed, wholly or partly composed of day tipped in front of the line of 
foundations, a space for which has previously been dreaged to the required depth 
when necessary, or, in the event of clay not Doing within reach, an embankment 
may be constructed composed of the local soil, faced with clay and coated with 
stones m order to insure its stability A water-tight dam is thus formed, and the 
excavations for the foundations may be further protected by the insertion of piles, 
either driven or screwed into the inner slope of the dam and also into the opposite 
side of the cutting Ihe piles have vertical grooves, into which a timber boarding 
may be slipped, thus forming a thoroughly dry box-dam in which foundations may 
be built situ , or if no such box-dam be formed, the foundations may be sunk by 
means of excavators 

Tor the construction of bridge piers in open water tho site may be dredged to 
the required d(pth and clay deposited, so as to firm an embankment rising abo\e 
water-level, down thr nigh whuh an excavation is made and the foundations built, 
or through winch they may be sunk they may also be floated into p >sition 

lo construct Bubwaye beneath water the nver bed is dredged, and clay mixed 
with gr und chalk and cement deposited so as to foim ft water tight roof to the 
operations and the subway may be formed by tunnelling through the body of tho 
clav. ground chalk and cement if deposited in nufhcient quantity 

Ine foundations may be formed of masses of stone masonry, brickwork, or con¬ 
crete whoso horizontal section consists of two members at right angles to one 
another, these members being hollow to permit of excavation being camod on in 
their intenor while being sunk Tongues or grooves of a semicircular or other 
flhapt are formed on the ends of one of the members, the other constituting a 
counterfort 

1 ir the purpose of facilitating the sinking of foun lations, the toe or bottom 
should be surrounded with a shoe or curb 

The author then described at longth the drawings which were exhibited 
In conclusion he stated, it ip of the utmost impoit&nce that e\ery facility should 
be given to the free action of the ebb and flow of a river, because an obstruction 
weakens its action, thereby withdrawing a certain amount of force from its power 
The advantage of those walla is that they otter comparatively little resistance to 
the water 

Walls of this desenpti n might be faced with hard rubble-stone of from 3, 4, 6 , 
6 , 8, and 10 cwt each, the remainder of brickwork or concrete Roman cement or 
hydraulic lime ground with mine-dust or puzzolano might be used with ad\ antago 
in the work if or rubble built»» sttu 

When tho deposition is of great depth, as in the Clyde varying from 00 to 00 feet 
m Bomo places, the breadth ot base cannot be overestimated, more particularly 
where subject to great weights Irom this construction a base of di feet or more 
would be obtained, thereby giving great stability, also affording accommodation for 
water-, gas-, and sewage-pipes 

The alveus or channel of a nver is subject to move upwards as well as sidewise, 
from causes not always in the immediate vicinity but at a distance 


Om Reuhaua?s Treatment of Mechanisms By Prof A B W KxyNFDT 


Importance of Hydro Geological Surveys from a Sanitary point of view 
By Baldwih I athak, C K 

Hie author in bis paper pointed out that all subterranean stores of water were 
due to the rainfall percolating into the earth, but that thire were matters which 
affect©* the quantity of water percolating, such as the nature of the outcrop of the 
strata receiving the rainfall, the ^>lume of the strata, the lithological character, 
and the free communication between different parts The Vater held in store in 
the earth did not as a rule, maintain a horizontal level, but the sur&ce possessed 
a considerable fall in directions corresponding to the points of the discharge of the 
■pnngs The inclined surfaoe of the water pointed to its movement in the dtree- 
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tion of its outfall or natural vent The water-level, therefore, of subterranean 
strata meant a line drawn from the highest point at which it accumulated to the 
lowest point of v ent The inclined surface of the water was the measure of the 
element of friction and molecular attraction which interfered with the free dis¬ 
charge of the water, so that it was retained in subterranean reservoirs and but 
slowly discharged from them I he subterranean currents obeyed the same laws, 
with reference to their llow, as streams which move on the surface of the earth 
A number of examples were given as to the rates ot fall of subterranean water, and 
also as to the elevation to which water did rise in particular years in the earth It 
was shown that the elevation of the subtorrane&n water between the town of Wat¬ 
ford and the highest spring which issued from the chalk lulls was 300 feet in a 
distance of fourteen milts, and between the Lolne and the Itiver Thames at 
London Bridge, a distance of fourteen miles, the water fell at the rate of 13 feet 

? er nule IS tar the Middlo Chalk the rate of fall varied from 11 feet 0 inches to 
f) fiet 0 inch* a per milt, and m the Ternary beds at Garrett the fall was 5 feet 
per mile, and in the same formation at Waltham Abbiy 4fu t per mile The well 
of Gromllo, in flu Lower Greensand, indi< altd ft fall of 2 ftet per mile A table 
was given showing the rale lull of subterranean wafer in the neighbourhood of 
Croydon, which was shown to vary from 8 fett per milt to 04 feet ptr mile, and 
the subterranean water, as ascertained by w ells sunk m the boulder-clay at East 
Dereham, Noifolk, showed that the wain UvlI \ailed fritn 2 tut in a mile in the 
flat tableland to 100 feet in a mile m the valleja 1 he author pointed out the 
importance of pun water with regard to health, and gave si veiftl examples showing 
the deleten ma effects of the drainage from cesspools and cemeteries upon water- 

fliinnlv and tho honWh nf thn r»nrftnrw iiuinfr it li« hImo nointi il nut +Via imnnrtnnCft 

-- - ** O “ w ' * w “ “ “ —* - **■ - -- 

to the constiuction of wells and cessp ids, and that a small amount of considera¬ 
tion with regard to the relative positions of tho well and cesspool in a countiy- 
house may make all the dill rtnee between tendering it hialthy or unhealthy 
With regard to epidemics of tntonc fever, whether duectly asenbed to water or 
milk, the author observed that in every enso recoided tin water had invariably 
been procured from wells, and while it was singular that so much attention waa 
paid to the pollution of mors flowing over tho surface of the ground, which had 
never been traced to be the cause of disease, no om had thought of tho great evils 
which had resulted, and would result, from the pollution if underground sources 
of water-supply The object of the author was to direct attention to this impor¬ 
tant subject, and to point out that where the use of cesspools was unavoidable, 
there were ways in which they might be introduced without the possibility of 
polluting the water-supply w’hin it can only be procured from a local well 


On the Direct Motion of Steam-Vessels By 11 Man sel 


On the Strength and Fracture of Cast Iron By W J MrrtAii, 

The object of the present communication is to describe certain phenomena 
observed by the writer when engaged in testing cast-iron bars 

The bars were about 40 jndms long, 2 inches deep, and 1 inch broad The 
distance between supports (or Bpan) when placed in testing-machine was 36 inches* 
The load was applied gradually and at centre of span 
In general the bars broke with straight fractures, the direction of fracture being 
in line of application of load In some cases, howevtr, curved forms of fracture 
were observed 

During the course of testing it waa observed that the curved fractures divided the 
span more or less unequally, whilst the etadght fractures, with few exception^ 
divided the span mto equal portions * 

After a carefully conduoted senes of experiments, the writer finds that the 
form of fracture conclusiv ely points out the position of fracture, viz that bar* 
showing straight fractures have broken at or dose to centre of span, whilst bars 
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•bowing curved fractures have broken at points more or less removed from centre 
of span, and that in goneral the curve of fracture increase* with distance of fracture 
from centre. 

In all cases the fractured parts were found to fit exactly together, no piece of the 
metal being thrown out on fracture taking place, and where the fractures were 
curved the lino of fracture pointed towards point of application of load, the results 
of several experiments showing that fracture commences at the convex side of the 
bar and passes upwards, gradually curving towards centre of span 

The curved fractures occur also in bars of 1 squire inch section, their forms not 
being, however, so well marked as in the bars alieady referred to 

With a view to obtain the relative strength ot bars showing straight and curved 
fractures, a note was kept of the breaking loads, deflection, forms, and positions of 
fracture, the result of which is given in Table I 

(The results given m thi following Tiblesare nil from bars of 2 inches deep, 
1 inch broad, and 30 inches span ) 


Table L 


Position of Fracture. j 

_ i 


At centre of span, stunt/hi fnictu) cs | 

At points from £ nu li to 3} inches remov edj 
from centre of span, curved fracture* | 


IS umber 
of | 

Dura 

Average 

Breaking 

Load 

Average 

ultimate 

Deflection. 


lb 

inch 

20 

1 3084 

| 

•303 

25 

i 3>51 

380 


The above lesults show a slight excess of strength in bais bieaking at centre of 
pan and with straight fractures 

In general the deflections were found to increase with increase of load, but in 
omo cases, the bars being exceptionally strong and remaining unbroken, a decrease 
f deflection accompanied an increase of load 
The results obtained from 14 such bars are shown in Table II. 


Table II. 

Average lesults obtained from 14 uubroken bars with increasing Loads. 
Loads to w hu h bar was subjected 33G0 lb 30*i0 lb. 4480 lb. 

Average deflections at theso loads 327 in. *317 in 313 in. 

Table III. contains the results of some experiments made to determine the 
amount of “ set” which took placo in bars when subjected to several applications 
of the same loud. 


T\ble III 


Load applied 2800 lb. 



Bor No 1 

Bar No, 2. 

Bnr No 3, 

‘Bar No 4. 




Dcf. 

Set 

Def. 

Set. 

Def. 

Set. 

Def, 

Set. 




inch 

inch 

inch. 

inch. 

inch. 

inch. 

inch. 

inch. 

1st application 

of load 

302 

021 

330 

'020 

•200 

012 

208 

015 

2nd 



2H2 

•003 

317 

■003 

200 

005 

•200 

*002 

3rd 


tt 

270 

001 

310 

•001 

280 

003 

285 

*002 

4th 

ft 

p 

278 

•000 

•312 

J 000 

282 

•000 

*281 

■000 

0th 

* n 

ft 

•270 

•002 

•813 

•000 

— 

— 

— 

_ 

0th 


jf * 

273 

•001* 

•3i n 

•000 

— 

— 

— . 

_ 




Finally 

Finally 

Fin 

ally 

Finally 




broke about 

broke at 

broke at 

broke at 




S6001b. 

4270 lb 

43801b 

3760 lb. 




Def. *403 

Def. 518 

Def. -466 

Def. *395 
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From these experiments it appears that the “set” dec* eases with successive 
applications of the same load. 

This decrease of set also appears to obtain e\en when the load applied is an 
increasing one. 

The results obtained from 10 bars are given m Table IV 

Tabu IV 

Average results obtained from 10 unbroken bars with increasing loads 

Jjoads .. 33001b 39201b 4180 1b 

Average deflection •‘341 in 307 in Wrt in 

Average set 020 in 014 m 008 in 


On a Sphet mil Pendulous Safety- Valve 


By J vmim X vsu \ i ir, F ll S 


On the Investujation of the Sleet iwf Qn tithes of Ships By Frof Osboknk 

.Rev not ns 

[Printed inrifenso nmong tho Report a, p 70 J 


On a New Form of Lamp Btf It Lav under. 

The construction of the lamp is a glass lantern 18 inches square, with a funnel or 
chimney 24 inches high, into whu h is introduced a jet of steam about ^ inch 
across when the pressure of stonm is about 20lb to .‘301b per square inch, if 
the pressure is less the jet must be larger, if higher smaller, the oDjoct of the jet 
being to create a partial vncuum in the lantern—the consequence being that the 
surrounding air is forced through the burner of tho lamp and causes a very com¬ 
plete combustion of the oil 

A very brilliant light is produced, which is increased partly owing to the pro¬ 
ducts of combustion being continuously removed and a volume of fiesh air bmng 
introduced 

The lamp or burner is constructed for a circular wick, and upon tho principle of 
admitting the air to play upon tho outside ot the wick, and also by a disk another 
column is thrown upon the inside of the wick, another cuirent of air is also 
carried through the centre of the flame The metal cap is constructed so ns to 
bring the flame into a centre, through tho onflee of which it is drawn by tho iet of 
steam in tho chimney The oil supply is contained in a shallow vessel, which is 
heated by a jet of stoAm before hi ing binned, as many of the oils that may bo used 
would become tbi( k in cold weather 

The results obtained from a 4-inch wick have been equal to a light of upwards 
of six hundred sperm candles, the cost of which, with oil at t)d per gallon, is under 
l^d. per hour. The oil was supplied by Mcssis Young’s Paraffin Light Company, 
and is a product from shale and is a part of the oil that hitherto has been of 
little use. 

The cost of burning an open fire, such as is used at many pit heads, is from ten 
to twelve hundredweight or coal per m£ht, it is a most uncertain and dangerous 
light 

Whilst the author’s lamp was designed for collieries, loading-bunks, sheds, 
sidings, ships, &c., he thinks that, it will be of great service to tho public. 


On Boiler Incrustation and Corromon . By F. J. IIovvan. 

The importance of the subject is alluded to, especially to marine engineers, who 
have most keenly felt its difficulties, while the range of interests involved by it is 
M wide US the use of steam 

The present state of general in formation about it being unsatisfactory, we have 

1K76. 20 
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to seek in a combination of chemistry and mechanical science for the needed eluci¬ 
dation of iU problems 

The course of investigation has been marked by the suggestion of various em¬ 
pirical remedies, which are pointod out, but which have failed to reach any good 
result, the actions to bo counteracted not being understood 

Incrustation and coriosion are not one action, but dissimilar ones, although they 
are often found united in boilers, and therefore both must bo noticed 

Incrustation is first considered, Dr J G liogois, of Madison, U S , being quoted 
(from ‘ Chora News/vol mi) for the uon-conductibihty of crusts and the pro¬ 
portionate increase of temperature which their presence in boilers renders necessary 

Boilers subject to incrustation are divided into tw o classes -- 

1 Land boilers using natural fresh waters , and 

2 Marine boilers using sea-watei 

1 The average quality of natural fresh waters is illustrated b* final*sis of Kiver- 
Cljde water, as formerly supplied to Glasgow", and an anahsis also by Dr Wal¬ 
lace of crust depositor! from that watt r is gnen The rase is then quoted of the 
boilers at a mill in Barrow field still using that, water, but in which the formation 
of crust is pres ented by the use of a quantity of soda-ash 

The action of soda-ash imdm these circumstamea is described, it causes the 
decomposition of the sulphate of hmo and rapid deposition of the neutial carbonate 
as powder Where bicnrbon ite of lime is present, it is also precipitated as neutral 
carbonate in a powdery form, ono equivalent ot caibouic acid being liberated. 
Neutral raibnnoto btung thud formed lapidlv, has not power to adhere to boiler 
flurfaces, while*, if deposited slowly by beat irom the bicarbonate, it is crystalline 
and does adhere 

M Bidard of Koucn, author of papers on this subp ct in i Ann idea Industnellea,’ 
baa made numerous examinations ol boiltn-ciusta, which show, according to him, 
that organic matter has power to agglomeinte taibonate of lime and form crust 
by a process of “ baking ' Jiis opinion is quoted fimn one oi his letters to the 
author 

Freaemus, quoted in a paper by Dr \\ allnco in 1 Proc of the Phil Soc, of Glas¬ 
gow/vol i\ , ascubes this agglomerating power to sulphate of lime. Bidard’s 
explanation applies whore carbonate and not sulphate of lime piedoimnates, because 
sulphate is able to form trusts where no organic matter is present, as in some 
crusts trom marine boilers The use of too much soda-ash is injurious, and pre¬ 
cautions are given, with a little further illustration of its action xu boilers. 

It is proposed to apply it in the foed-tanks or cisterns generally attached to 
boilers, allowing the lime to be deposited there to Aftvo constant blowing off. 

Various other preventives of incrustation are noticed, including I)o Haen’a 
method of using barium chloride and milk of lime, founded upon the investiga¬ 
tions of J Y Buchanan (Hay. Soc. Proc vol xxu ), and some details of comparative 
cost in workiug with this process arc given from Dingler’s Tolyt J ccxvn. 

As the most complete preventive of incrustation, which is otherwise scientifically 
desirable, the author advocates the use of surface condensers in connexion with 
land boilers. 

2 Although modem systems of marine engine practice have removed incrusta¬ 
tions from marine boilers by the introduction of surface condensation, there is still 
some necessity to consider incrustation as applying to them, because of a tendency 
to return to the ancient regime in consequence of difficulties with corrosion. The 
evil effects of incrustation are felt more heavily in murine practice from its con¬ 
ditions of using sea-water, which contains a large amount of solids, and. of limited 
space for carrying fuel and chemical reagents and for repair of boilers. 

The inapplicability of the chemical method is pointed out, reference being made 
to expe tments of Mr Jas. H. Napier, F R.8., published in Proc. PhiL Soc. Glasg. 
vol IV. 1 

Working with fresh water is the only sensible and efficacious method, but when 
this has been used it has brought with it the evils of corrosion. 

Analyses of sea-water from the Black Sea, and of six samples of marine-boiler 
crusts found at various pressures, are added, with remarks on some of these by 
Dr Wallace (from Proc, Phil Soc Glasg ), and extracts from a paper in Dingier? 
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Poiyt J ccxii , by Dr Ferd Fischer, confirmatory of these remarks, and showing 
the influence of elevated tompcraturo and pleasure on the decomposition of various 
salts m water 

Corrosion —Causes of corrosion of extenor of boilers are bnotiy glanced at, 
including damp settling, accumulation ol damp a«ht s and of sent, accompanied by 
careless tiring, which causes sulphur, acids, und (»ther conoaivoa to combine with 
the soot 

With regard to corrosion of the interi >r of boih rn, invcstigalions on various cor¬ 
roding forces are hist qu( ted Pul Ciace Culverts experiments on the action of 
sea-water and of van us gases on m tals are alluded to to pr m that sea-water 
exerts such an action upon stt cl and 11 m, that caib me acid m prtst nee <. f water, 
acts onergf ticaJly, and that distilled water, fiee from gases has no action 

Ihe application of these n searches h> \V Kent (ol the Steens U S Institute 
of J\ chnolog> ) to the exammatnm of the (onosion ot non nulwaj-bndges in the 
United States is then rtfcrrtd to, and the imeatigations of A Wagner (from 
Dingl Pol>t T ccxvm ), on the influence ol various solutions on the rusting of iron, 
are <juotod this author corroborah s Calverts rep>rt ot the action of carbonic 
dioxide, and notes tho fact that tliepn senceof chlorides of magnesium ammonium, 
sodium, potassium, barium and calcium m water largely increases tho production 
of rust, the action of chloride of magnesium alone being increased by heat 

Thee© facts correspond w ith that okmd by J Gamgce, that lime solutions 
used as media of congelation m ue making coriodo the pipes or channels which 
convey them 

Stingl h valuable contribution to this subject, viz , his paper on the effects of 
condensed water containing grease on boilcre fid with it (Dingier, Poljt J ccxv ), 
is quoted at some length 

This author proves that grease, with a small quantity of salts of lime and mag¬ 
nesia, at a temperature not exceeding GCP to 70° Ceut, forms lane-soap, which, 
under the influence of a higher temperature, partially du omposes into free fat 
acid and a basic lime soap wlncli adheres to the boiler-surfaces, the free acid, 
which is usually oxalic acid, attacking and dissolving the iron In the crust the 
fat is recognized by the addition of hydrochloric acid, tho separated organic mass 
being afhrwards shaken with ether 

Fvon with lime and magnesia salts present in \try insignificant proportion, the 
presence of grease is injurious, as, with sap unfication, under considerable pressure, 
a small quantity of limn suffices to occasion the splitting up of a neutral fat into 
free fat aud and glycerine With low pressure the same action proceeds more 
gradually 

Various coses of corrosion from greasy water art n iticcd by this author, and in 
particular that ot a steam-boiler of f ormsh d< sign into which the eondi naed ateam 
from two engines (of 300 and 100 horse-power) was fid I las boiler was con¬ 
structed of steel, and alter only three weeks firing was leaking in the hre-tubes 
A deposit was found adlu nng to tho upper part of tho tubes, of wl ich the analysis 
is given Iho water in the boilei had a milky appeiranco wlncli was at once re¬ 
moved by ether Fther is recommended as a good qualitative test for the presence 
of greaso in water 

The analysis of the condensed feed-water is given, and tho various operations w 
testing the deposit from it also recorded 

Means were adopted to punfy this water by precipitation of tho calcium carbo¬ 
nate and part of the magnesium carbonate along with the grease which was earned 
down witn the precipitate, and by subsequent filtering, and the analysis of the 
purified water is given The boiler afterwards worked for throe months with this 
water without any bad results, a pure deposit, consisting principally of magnesium 
hydrate and calcium carbonate and sulphate, being found to a small extent on the 
surfaces of the boiler 

Finally a letter addressed by the author to ‘Engineering 1 (Oct 1874) is 
referred to, in order to call attention to the difference between pure natural waters 
and genuine distilled water, i t distilled water free from air The difference con¬ 
sists In the presence of gases in all natural waters The distilled water from sur- 
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fftco condensers of steamers necessauly contains sumo air, and it is therefore not 
“genuine distilled watei ” 

Examples of boilers subject to corrosion are classed under the heads — 

]. Land boilers using natuial fro si 1 water, umi 

2 Marine boilers 

1 Loch-Katrine water, from its gloat punty, afibids the best opportunity of 
studying the effect of pure natuial water on boileis The toiiner water-supply of 
Glasgow having been calcareous, the boilers using it became coated with lime, and 
did not suffer in consequence when iitteivvaids supplied from Loch Katrine In 
cases where the lime coating was lemoved cmroMon quickly sot in, and new boilers 
working with Loch-Katrine water liom the tirst weie iapidl\ destroyed. Several 
examples initiating these points aio quoted, and the it medv adopted is described 
This was the formation oi an artificial coating of lime b) feeding a whitewash for 
some time id to the boilers 

Analysis (by Dr Mills) of Loch-Katrine water is given , and by reference to the 
investigations of Calvert and Wagner its action on iron is explained. 

2 Marine Bo)lets Those using exclusively fresh water are cited, vu. Rowan 
and Horton’s and Perkins's, to illustrate the kind ot corrosivo action known under 
these circumstances The author’s letter to 1 Engineering gives the remedies used 
in the case of Rowan and Horton's boilers 

Another instance of a coasting steamer using nearly nil fresh water in her boilers, 
which, however, were do4ro\ed by corrosion, is quoted Tills instance was com¬ 
municated to the Graduate section of the Institute of Engineers in Scotland by 
Mr Jas Gilchnst. It was found by two chemists that the decomposition of iron 
in her boilers was caused by the use of tallow The author points out that the 
chemists did not make allowance for the piesenco of a small quantity of sea-water 
m the boilers, and its decomposition setting free hydrochloric acid 

The description of corrosion given by Mr. Miller in Ins paper communicated to the 
Cleveland Iron-Trade Foremen’s Association is quoted, as this author enters fully 
into the matter, and describes two examples which well illustrate the general 
practice of the day in marine engineering His deductions from the circum¬ 
stances of these two examples are combated ; and the author proceeds to show that 
corrosion in marine boilers, where a proportion of sea-water is used, is due to de¬ 
composition of the magnesium chloride of the sea-water, and to the liberation of 
the carbonic acid held m solution by repeated boiling 1 

The popular error that corrosion is due to some change produced in the constitu¬ 
tion of water by redistillation is pointed out, as is tbe Fact that in no case of marine 
practice has distilled water, pure and simple, ever been present so that its effects 
might be examined 

The author proposes as a remedy the coating of all new boilers with calcium 
sulphate and majniefiium hydrate artificially, and thereafter the exclusive use of 
fresh water, whicn does not dissolve such a coating 


On an Apparatus for cleaning Filtering-Sand* 

By John Lano, C E , Kirkcaldy 

The sand is tipped fiom wheelbarrows into a box, m the under part of which 
there is a diaphragm pierced with mnny small holes, through which a supply of 
water under pressure is introduced The sand is agitated by the current, and the 
mud and water flow over the top of the box When the water flows over clear, a 
door in the ade is opened, the clean water is discharged into wheelbarrows below 
and is conveyed to the filter. The size of the apparatus depends altogether on the 
magnitude of the supply of water, and its success depends on the size being adapted 
to the sttjfply. From very many experiments with various sands, the best con¬ 
ditions ware found to be that the water should pass through the box with a 
velocity of from 3 feet 9 inches to 4 feet per minute, and that the box should be 
27 inches in height. This apparatus, as used in the Kirkcaldy and Dysart Water- 
works, had been found, in respect to thoroughness and in economy, to be very 
greatly superior to the former machines. It is able speedily to wash fresh pH- 
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sand, or to rewaah the sand forming the body of the filter, but it was explained 
that it was unable to wash the impurities from the hltor'-serapmgs, Neither tho 
old machines nor any mechanical means even in the laboi atory arc ablo to do this 
By careful experiments, samples of tho mud on tho mu face of tho Knkcaldy filter* 
were obtained sepaiate fiom the undeilying sand, and it was found that 100 
parts of the mud consisted of about Ui parts of datums, 4 parts of animalcules, 
and 1 part of morgana matter, beside the sarioid matter of the diatoms from 
which the oflensne smell of the mud is domed Tho only wnv to reco\or the 
y and from those wrapings is to allow thorn to lie expon <1 to the air for some 
veur*, until the Mutual matter is dc<(imposed The llmty valves of tho diatoms 
limy then be removed bv washing A poition of the mud pusses below the surface 
into the both of the liltcrmg-«und, and in course of joins h upload through its 
interstices mid leather even to the bottom This mud< onsets almost wholly of the 
frustules of two minute hinds of diatoms, Oithosaa and VymbcUa , and by means 
of the microscope, used sand may be at once distinguished fiom fresh sana by the 
presence of these The) me e.isify removed by washing 


On a Ihmmatic Tt amir cty (\u By W D. Score-Mo nckkiff. 


On an Elevating St (am Ftny By Wm Simons. 

The object of this vessel is to supersede tho present inclined approaches or slips 
to ferry stations, and therefore lessen the wear and tear in horses and haulage, to 
enable a greater traffic to be conducted with greater dispatch and economy and 
on the same level as the adjoining qunjs The valuable ground required for slips 
is unnecessary, find the ferry-steamer is not confined to a special berth or locality. 

To effect the above ohjt'cts, it is proposed to construct a steamer with a centre 
platform of sufficient capacity for the traffic, and capable of being elevated and 
lowered to suit the rise and fall of the tide, and thus enable the vessel to receive 
(level with the adjoining quay*) waggons, goods, horses, carriages, and passengers. 


On the B)(de Problem . By JiMhs Siekl* 


On Communications beta ten Passengers and Guards in Railway Train* 
By W. HrRouDLKY, 


On Naval Sujmlhng By Sir W Thomson, FJl S 


On Steam.Ship Resistance, By J Evelyn Wrrnvjis 
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analysis of, 275. 

Tiddeman (R II.) on the exploration of 
tho Settle Oaves, 115 

Tomlinson (V ) on tho rainfall of the 
British Isles for tho jears 1875-70, 
172 

Townsend (Rev Prof) on instruction 
in elementary geometry, and on the 
syllabus drawn up by the Association 
for the improvement of geometrical 
teaching, 8 

Treatment and utilization of aewage, 
eighth report on the, 225. 

Tristram (Rev Canon) on the possibility 
of establishing a “close time” for 
the protection of indigenous animals, 
0-3. 

Underground temperature, ninth report 
on the rate of im rease of, downwards 
in various localities of dry land and 
under water, 204 

—— waters in the New Red Sandstone 
end Permian formations of England, 
the circulation of the, and the quan¬ 
tity and character of tho water sup¬ 
plied to various towns and districts 
from these formations, second report 
on, 05 

Utilization of sewage, eighth report on 
the treatment and, 225. 

Vivian (E ) on the exploration of Kent's 
Cavern, 1. 

Whitaker (W ) on the circulation of 
underground waters, 05 

Williamson (Prof. A W ) on the treat¬ 
ment and utilization of sewage, 226. 

Wilson (J. M ) on instruction in ele¬ 
mentary geometry, and on the sylla¬ 
bus drawn up by tho Association for 
the improvement of geometrical 
teaching, 8. 

Woodward (0. J.) on tho erratic blocks 
of England and Wales, 110. 

Wynne (A. B ) on underground tem¬ 
perature, 204, 


21 



240 


INDEX II. 


TO 

MISCELLANEOUS COMMUNICATIONS TO THE 
SECTIONS. 


[An asterisk (*) signifies that no abstract ofthn eommumcatum u given,] 


*Abtea f the structure of the leaf in 
different species of, l’rof M^ab on, 
144. 

•Abney (Capt ), photometric nunsure- 
ments of the umgneto-elcctnc light, 
80 

Accident insurnnco by sea and land, P 
M. Tait on the theory and practice of, 
208 

Aconites, the alkaloids of the, I>r C. It 
A. AVnght on, 71. 

•Acoustic analogues to motions in the 
molecules of gases, G .T. Stoney on, 

31 

Adams (Prof A Leith) on gigantic 
land-tortoises and a fi eshwater species 
from the Maltese caiems, with obser¬ 
vations on their fossil Inuna, 145 

Africa, Equatorial, Commandei Cameron 
on his journey through, JHI. 

•-, South-Eastern, Mr Stephenson 

on the civilization of, 208 

Age of the Earth, J. Croll on the tidal 
ret&idation argument foi the, 88 

Agricultural fcta&tica, W. Both on, 104. 

Agriculture, primitne, A. W Buckland 
on, 164 

•Akem, and its people, West Africa, 
Capt. J. 8 Hay on, 183. 

•Akkero, West Africa, Capt J. 8 Hay 
and Commander Cameron on horned 
men of, V 5. 

Alcohol, the action of, on the brain, 0. 
Kingzett on, 154. 

•Alexander (General Sir J.) on the 
oldest woman in Scotland, 164, 


•Alkali waste, W Weldon on the means 
of suppressing, 70. 

Alkaloids of the aconites, Di. C. U. A. 
Wlight on the, 71. 

Allan (F, H. T) on a Hafe and rApid 
e\ aporating-pan, 01 

•Alum piooees m sugar-refining, J. A. 
K. Newlands on the, 00 

•Ammomc selemocyomdo, Dr. Cameron 
on, 03 

Anatomy and Physiology, Dr. J G. 
M‘Kendrick’s Address to the Depart¬ 
ment of, 120. 

•Andaman Islands, two skulls fiom the, 
Dr Allen Thomson on, 109. 

•Aniline, tho transformation of ckinoline 
into, Prof Dewar on, 6*3. 

•Annuals, J. Shaw on the mental pro- 
gross of, duiing the human period, 
109 


*AnUdm\ ? osoceus (Cojnatula rosaosa, 
Lamk.), tho nervous system of, Dr. 
W. B. Carpenter on, 146. 

*- f ij r W. B. Carpenter on the 

moiphology and histology of, 148. 
Anthracene compounds, some new, W. 
II. Perkin on 67. 

-testing, J. T. Brown on, 02., 

•Arenaceous Foramunfera collected in 
the ‘ Valorous' expedition, Dr. W. B. 
Carpenter on the, 140. 

Argyll (the Duke of) on the physical 
structure of the Highlands in connexion 
with their geological history, 01, 
Arithmetic, W. H. Walenn on division* 
remainders in, 30. 
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Arrow-heads, W J Knowles on the 
classification of, 166 
•Arthurian apple and the serpent of the 
ancients, J S Phen6 on tbo, 1 <>0 
•Articulate speech, a hypothesis of the 
perception of, l)r Cassells on, 148 
Astronomic al clock, a now fonn of, with 
freo pendulum and inde]M*ndently 
governed unifoim mol ion for esw ape- 
nu*nl-v*heel, Sir VV Thomson on, 40 
Atlantic Ocean, the tempeiatioeobtained 
in the, dining the' cruise ot 1131 S 
‘ Challenger/ Staff-Commander Ti- 
/aid on, 185 

•Atmosphere, an apparatus for the 
nnalysis of linpimties in the, 10. M. 
Dixon on, 63 

•Atomic weights of the elements, J. A. K 
Now lands on relations among the, 0(1. 
•Ayrton (Prof ) and Prof Perry on the 
contact theoiy of \oltaic action, 42 

•Bagsliot peat-beds, W. S. Mitchell on 
the, 94 

Baird (Capt A \V ) on tidal operations 
in the Gulf of Cuttli by the Gieat 
Trigonometrical Survey of India, 52 
Balfour (F M ) on tbe development of the 
pioto-vrtebrro in Elasmobrancha, 147 

- (J P ) on the Pandftneso of the 

Mascarena and Seychelles Islands, 142 
•Banks (J ) on sewage pmification and 
utilization, 02 

•Barrett (Prof) on a form of gashol¬ 
der giving a uniform flow of gas, 48, 
•diagrams and description of the new 
lecture-table for physical demonstra¬ 
tion in the ltoyal College of Science 
for Ireland, 48, *two new forms of 
apparatus for the experimental illus¬ 
tration of the expansion of solids by 
heat, 48, *ou some phenomena asso¬ 
ciated with abnoimal conditions of 
mind, 164 

•Basic salts, G J. Stoney on the consti¬ 
tution of, 69. 

•Bathometer, description of the, by Dr 
C. W. Siemens, 31 

•Beaumont (Major) on the Suh-Wealden 
exploration, 87 j *on the removal of 
subaqueous rocks by the diamond 
rock-borer, 219. 

•Bergeron (M ) on the removal of sand¬ 
bars from harbour mouths, 219 
•Beynon (J. B.) on a band-machine foT 
shaping and finishing metal surfaces, 

•Biggs (H. W.) on a new voltaic bat¬ 
tery. 62. 

Biological results of a cruise in ELM.8. 


1 Valorous' to Davis Stiait in 1875, 
J Owyn JefFieys on tbe, 147 
Biologicul Section, A. K Wallace's Ad¬ 
dress lo the, 100 

ItiMmidi, ceitain compounds of, M M. 
P Muir on, 06 

Boarding-out of pauper children in Eng¬ 
land, \V Tullack on the, 209 
Boiler incrustation and con onion, F J 
Pnwiin on, 229 

•lkurowdttile scries of the Gomston flags 
of the noith ot England, Piois Dark¬ 
ness and If A Nicholson on the 
strata and fo mIs between the, 90. 
BoMUiquet(K If M ) on the conditions 
of tno transformation of pendulum- 
vibrations, with an experimental lllus- 
tiatum, 45 

•Bosses skulls, Dr Knox on, 166. 

Botnnv and Zoology, Prof A Newton’s 
Address to the Depaitment of, IIP. 
Potly (W ) on agricultural statistics, 
194 

•Bottomley (J T), determination of 
the comlnitmty of heat by water, 36 
Boulger (G S ) on tbe evolution of sex 
in the vegetabio kingdom, 142 
•Bowden (A ) on a new loute to the 
souico of the Niger, 181 
•Brake-problem, J Steel on (be, 233 
•Jhitifth Guiana, W Harper on the 
natives of, 165 

Brooke (II G.) and E O llopwood on 
the changes of the circulation which 
are induced when the blood is ex¬ 
pelled from the limbs by Esmarch's 
method, 147 

•Brown (A B ) on n flanging-iion and 
steel plates for boiler purposes, 219, 
on an engine for starting and rever¬ 
sing large marine engines, 219 

- (Colin), true intonation, illus- 

tratod by the voice-haimomum with 
natural finger-board, 46 

*- (Piot Crum) on the action of 

pentachlonde of phosphorus on tur¬ 
pentine, 62 

-(J T ) on onthracene-tcstuy, 62 

Bryce (Dr. J.) on the granite of Strath- 
Enick, Lough Ness, 87. 

•Buchanan (J, Y ) on some instruments 
used in the ‘ Challenger,’ 63 ; *on the 
specific gravity of the surface-water 
of the ocean as observed during the 
cruise of H.M.8. ‘Challenger,' 181; 
•on a new deep-sea thermometer, 181. 
Buckland (A. W.) on primitive agricul¬ 
ture, 164. 

Burt (Rev. J. 8.) on tbe ooonomy of 
penalties, 195. 
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Busacott (Rev. A) on the present ex¬ 
tent of slavery and the elavo trade, 
with ft reference to the progress of 
abolition since the American war, 
196. 

Oftird (A. M‘N ) on some Bpeeml evils 
of the Scottish poor-law, H)7 

Cameron (Commander V. J. ) on his 
journey through equatorial Africa, 
181, *and Capt J S Hay on homed 
men of Akkem, m Afnia, 105 

* -(Hr) on amtnomc aelemocyamde, 

03. 

*-- (Ro\ Mr ) on relation of Gaelic 

and Englnh, 104 

Canute, the brain of the, R. Gamer on, 
152 

Capital, llyde Clarke on the pait in tho 
operation of, due to iixed or limited 
amounts invested in. trade, 108 

•Carbonic acid, liquid, in minerals, W 
N Hartley on tho critical point of, 
64. 

Carboniferous system of the llutish 
Isles, Prof. K Hull on the upper 
limit of the essentially marine beds of 
the, and the necessity of the establish¬ 
ment ofii middle Carbumfmousgioup, 
90 

•Carmichael (Dr N ) on spontaneous 
evolution and the germ theory, 140. 

•Carpenter (P. II ), remarks on the 
anatomy of the arms of the Cimolds, 
146 

* - (Dr W. on the Arenaceous 

Foramimfera collected in tho 1 Valor¬ 
ous f expedition, 140, 'further re¬ 
searches on the nervous system of 
Antedon rosuccu* (Cornalula rosacea, 
Lamk.), 140, 'on the morphology 
and histology of the nervous system 
of Antedon rosaceus (Comatula rosa¬ 
cea, Lamk), 148 

Carton valley, county of Linlithgow, 
D. Milne-IIolmeon high-level terraces 
in, 94. 

•Cassells (Dr) on a hypothesis of the 
perception of articulate speech, 148 

Oast iron, W. J. Millar on the strength 
and fracture of, 227. 

•Cement, Q F. Deacon on the form of 
blocks for testing, 220. 

Central nucleus of a plane section, I’rof. 

G. Jung on a new construction for 
.the, 24. . 

•Centroids and their application to 
some mechanical problemf, Prof. A. 
B. W. Kennedy on, 26. 


Cerruti (G. £.) on his recent explora¬ 
tions in N.W. New Guinea, 182 

- (V) sur les mouvements ap4rio- 

diques des systemesde points matericls, 
12 

Cetacea, Dr D. J. Cunningham on tho 
spinal nervous system or the, 149 
‘Ceylon, B F Ilartshorne on w the 
Kodiyns of, 166 

•‘ Challenger/ soino instruments used in 
the, J. Y Buchanan on, 63 
Changes afToctmg the southern exten¬ 
sion of the low est Carboniferous rocks, 
G A Lebour on the, 93 
Chemical Section, W II Verkin’s Ad¬ 
dress to the, 66. 

•Cheques, &< , F. Ward on the preven¬ 
tion of fraudulent alterations in, 70 
•Chmohne, the transformation of, into 
aniline, Prof. Dewar on, 63 
•CluppendaU (Lieut. W H ), observa¬ 
tions on the White Nile betwoen 
Gondokoro and Appuddo, 182. 

• Ch ot eoch oht t polysiph onxce, Keinsc) i, 
Prof M‘Nab on, 114 
Chromium, J Priestley on the physio¬ 
logical action of, 150 
Emulation, II G Brooke and E. 0 
llupwood on the changes in the, which 
are induced when tho blood is expelled 
from the limbs by Esmarch's method, 
147. 


Clftike (IJ.vde) on the prehistoric names 
for man, monkey, lizard, &c , 166, on 
llittite, Khita, 1 famath, Canaamte, Ly¬ 
dian, Etruscan, Peruvian, Moxican,&c, 
165 , on the part in the operation of 
capital due to fixed or limited amounts 
invested in trade, 108, 

Clelaud (Prof) on the morphological 
relations of the lower end of the hu¬ 
merus, 148, *on a hydrocephalic 
skull, and on the duplicity of the 
temporal ndge, 140, *on a Sooloo 
skull, 105. 

Closed curves, general theorems relating 
to, by Prof P G. Tait, 29. 

•Clyde, Col Hope on the purification of 
the, 64 

Coal, Prof. E, Hull on a deep boring for, 
at tScarlo, near Lincoln, 91. 

* -> Prof J Thomson on ndgy struc¬ 

ture in, with suggestions for account¬ 
ing for its origin, 96. 

• - gas, the proximate analysis of 

W iSttmar on, 63. 

- measures, recent researches into 

thfc organisation of some of the pleats 
of the, by Prof W. C. 

98, 
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*Cohn (Prof.), experiments on the foiv 
mation and growth of artificial silica 
cells, 140. 

Coleman J ) on a gas-condenaing 
machine for the liquefaction of gases 
by combined cold and presauio, re¬ 
cently employed in the manufacture 
ot volatile liquid hydrocarbons, (U, 
•experimental resealchos on the che¬ 
mical treatment of town excretion, (Jd , 
on a machine for the liquefaction of 
gases by combined cold and procure, 
‘220 

•Communications between passengers 
and guards in railway trains, 2*13 
Compass, an unmistahablo true north, G 
J Symons on, 49 

* -- correction in iron ships, Sir W 

Thomson on, 4*5 

•Concrete, G F. Deacon on the strength 
of, as affected by delay between 
mixing and plai ing tn situ, 220 
•Conductivity of heat, deteimination of 
the, by water, by J T Rottoinlev, 36 
•Contact electricity, Sir W Thomson 
on, 45 

Convergent^, T Muir on, 27 
Copper extraction by Iho wet ua\, the 
history of, by W Ilenderson, (ti 

* -zinc couple, Prof Gladstone on 

the influence of the condition and 
quantity of the negative element on 
the action of the, 04, 

Coral Son, explorations in the islands of 
the, by K NichoD, 167, 1H3 
Cotarmne donvatnes, new, Dr. C\ R A 
Wright on, 70 

Cremona (Prof L ) sur los s\Htemes de 
sj>h&res et les systemes de droites, 

•Crinoidfl, remarks on the anatomy of 
the arms of, by P 1J. Carpenter, 140 
*Croll (J ) on tlio transformation of 
gravity, 30, on the tidal-retards! ion 
argument for the ago of the earth, 88 
Crookes (W) on the influence of the 
residual gas on the movement of the 
radiometer, 30 

Crum-Ewing (A ) on diainago outlets 
through slob lands, 220. 

•Cunningham (Dr I) J ) on Dclpkmus 
aJbiroetrxs. 140, on the spinal nervous 
system of the Cetacea, 149. 

# P*Almeida (W. B.) on Perak and Sa- 
lWRore, 182 

Daryw (G H ) on graphical interpola¬ 
tion integration, 13, 

•Darwinism* Rev. O. Morris on a 
double dilemma in, 147. 


Day (St J V ) on recent attempts at 
patent legislation, 198 

•Deacon (G F ) on tho form of blocks 
for testing cement, 220, *on the 
strength ot cement ay affected by de? 
lay between mixing and placmg m 
situ, 220 

Drfts (J ),dcflcnption ofStobciofls Docks, 

220 

•Deep-sea pounding^ navigational, m a 
ship uio\ lug at nigh speed, Sir W. 
Thomson on, 51 

*Ddphmm albuo&tn* } Dr D J Cun¬ 
ningham on, 140 

Do Rnnco (C E) on the \onation in 
tlm kness of the middle coal-measures 
of the Wigan coal-field, 89 

Detenuiuants, J W L Glmsher on 
certain, 13 

•Reteimination of the eonductmty of 
bent by water, by J T Bottomley, 
,10 

•Dewar (Prof J ) on a new form of 
electrometer, 42 , *on tho transforma¬ 
tion of (binolme into aniline, 03, 
•recent additional observations on the 
physiological action of sight, 151 

Dickson rfProf A ) on two monstrosities 
of Mat) icai u i xnodora, 143 , on latici- 
foious canals ui fruit of Limnoehans 
Vlumurt, 144 

•Diet, the racial, in India, Surgeon- 
Major Jolmatou on the dynamics of, 
154 

•Diflusion of liquids, secular illustration 
of the laws of the, 35 

*IhoncBd mu&ctuula (fly-trap), new re¬ 
searches on the electrical phenomena 
consequent on irritation ot the leave* 
of the, by Prof Burdon Sanderson, 
1(13 

•Dittiuor (W ) on the proximate ana- 
l)si« of coal* gas remarks on He¬ 
boid's paper on pyro-tartanc acid, 63. 

Division-remainders in arithmetic, by 
W II Walenn on, 30 

•Dixon (E M.} on an apparatus for the 
analysis of impuiities in the atmo¬ 
sphere, 63. 

Dobsbn (T) on unproved sofety-appa- 
ratus for mine-hoists and warehouse- 
lifts, 222. 

Dock- and quay-walls, foundations, &c., 
T. S Hunter on. 225. 

Drainage outlets through slob lapda, A. 

Crum-Ewing on, 220. 

Drifts and boulders of the upperppri of 
the valley of tho Wtane, Boy, B. 
Sewell on the, 95. 

•Dunnachie (.T) on fire-brick, 63. 
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^Earthquake districts of Scotland, Dr 
T Biyco on the, 88 

•Eastern picture-writing, J Park Har¬ 
rison on the, 106 

•Eclipse of the mn observed nt Sam m 
Apnl 1875, 40 

Economy of penalties, Dev T S Burt 
on the, 105 

Education compulsory, l)r A\ Tack on 
the rtsult3 of Inc \ears of, -.00 
—, physical, and hygiert in school*, 
W Jolly on, 207 

Elftsmobranclis, I AI Balfour on the 
de\ tlopnunt of I lie pioto-it rtcbrte in, 

147 

Electric induction and conduction, O J 
Lodge on a mechanical illustration of, 
42 

•Electricity, contact, Si W Thomson 
on, 45 

•Electrometer, Fiof J I\ w ai on a new 
form of, 42 

Engine foi starting and leitrsing laigo 
marine engine**, V B Blown on an, 
210 

Equatorial Africa, Commander Canieion 
on his |ourmy through 1 Hi 
Evans (Captain 1 J ), Vddress by, to 
the Geographical Section 1(50 

•- (M ) on the application of spring 

fenders to pioi heads, 223 *on a safety- 
lock for facing-points, 223 
Evaporating-pan, a safe and rapid, 1 
H T Allen on, 01 

Evolution of sex in the vegetable king¬ 
dom, G S Boulger on the, 142 
•Expansion of solids by heat two new 
forms of apparatus for the extien- 
mental illustration of the, by Prof 
Barrett, 48 

•Excretion, town experuruntal re¬ 
searches on tlie chemical treatment 
of, by J J Coleman, 03 

•Facing-points, M 3 >ans on a saftty- 
lock for, 223 

Fell (J B ) on the experiments made at 
the camp at Aldershot with a new 
form of military held-railway, for 
rapid construction in war-time, 223 
•Ferguewon (A ) on white Lead, 03 
riltenng-Band, J I sng on an apjaratus 
for cleaning, 232 

•Finland, Bev J Pattwon on a journey 
across, froip Elleuborg to Archangel, 
vtd Kemi, 83 

•Fire-brick, J Duzraachie on. 03 
First elliptic integral. Prof F W New¬ 
man on the use of Legendre’s scale 
for calculating the, 28 


•Flanging-iron and steel plates for boiler 
purposes, A B Brown on a, 210 
•Fleming (S) on the conventional 
dmsion of Time now m use, and 
its disadvantages in connexion with 
steam communications in difftnnt 
p'irts of the world with remarks on 
tlio desirability of adopting common 
time o\tr tin globe fir nulwa>B and 
sUani ships, 182 

I lesh diet in tropit nl climates, C O 
Groom "Napier on the uirwholesomc- 
zioss of 151 

I hi ids Piof 1 Guthrie and Dr P 
Guthrie on the passage of through 
cnpillary and othei tubes, 31 
n>-trap (l)totura mttnttpula). new re¬ 
peal ones m the ehctncftl phonomtna 
consequent on lmtation oftne loaves of 
the by Prof Burdin Sanderson, 13(5 
•Foibes (Piof) on the 'ute of the gnm 
of Gt nghiz Khan, 182 
-(Dr L ) on the ha moan Archipe¬ 
lago 18 3 

h oula, G A Gibson on the physical geo¬ 
logy and geological structure ot 00 
•i motion expansions for senes, T Aluir 
on the relation between two con¬ 
tinued, 28 

Pntflch (Dr A ) on Labynnthodont re¬ 
mains from the Upper Carboniferous 
(gas-coal) of Bohemia, 80 
•rroudo (W ), mechanical theory of the 
soaring of birds, 11 

Gaelic and English, the relation of, Rtv 
W Camtron on, 104 

- inhabitants of Scotland, Hector 

MocLeon on the, 100 

-- speaking population of Scotland, 

Bov W Boss on the educational 
value of their native language to the, 
208 

Galton (Capt D ) on railways on three- 
foot gauge in the United States, 
224 

•Garngto (rrof) on tho physiological 
action of pyro-, meta-, and ortho- 
phosphonc acids, 04 

- and L Larmuth on the action of 

vanadium upon the intrinsic nervous 
mechanism of the frog’s heart, l6l 

-, J I*mstley, and L Larmuth on 

the diflertnce in the poisonous 
activity of phosphorus in k ortho-, 
rocta-, imd py r o-phosphonc adds, 
161, on the action of pyrophos- 
phonc acid on the circulation, 162 
Gamer (B ) on the brain of the Cbbufr, 
152. ’ 
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Garnets, doubly-refracting, Dr. \on La- 
saulx on, 1>2. 

Gas-condensing machine for the lique¬ 
faction of ga&ert by combined cold and 
pressure, J. H Coleman on a, 03, 
220 

•Gasholder, a form of, giving a uniform 
llow of gas, Prof liariett on, 48 
•Genghiz Khan, the nito ot the grave of, 
Prof Forbes on, 182 
General theorems relating to closed 
curves, by Prof P G Tail, 20 
Genesis, tho possible, of the chemical 
elements out of u homogeneous comuk 
gas or common vapour of matter, Dr, 
Mocvicar on, (35 

Geographical Section, Cap! F J Evan's 
Address to the, 109 

Geological Section, Pi of J. Votings 
Address to the, 72 

Geology, the ph>steal and geological 
structure of Fimln, G. A Gibbon, on, 
00 

♦Germ theoiy, spontaneous evolution 
and the, by Di N Cnrnnchael, 1*4(3 
Gibson (G. A ) on the physical geology 
and geological structure of Foula, 
U8 

•Gilclirist (Dr.) on the red soil of India, 

00 

•Gimingham (O. II) on a modification 
of the Sprengel pump, and a new 
form of vacuum-tap, 10 
•Gladstone (Piof) on the influence of 
the condition and quantity of tho 
negative element on the action of the 
copper-zinc couplo, 04. 

Gliusher (J W L) on ceitain deter¬ 
minants, Id, on a series Humiliation 
leading to an expression for the theta 
function aa a definite integral, 15. 
•Glen Hoy, the parallel loads of, J. 
Macfodzean on, 03 

-,-, D. Milne Home on, 03 

•Glucmum, its atomic weight and spe¬ 
cific heat, Di. J IS. Reynolds on, 
68 

Gold standard, tho British, Dr W N. 
Hancock on tho importance of extend¬ 
ing, to India, 108. 

-for India, tho depreciation 

of silver and a, S Mason on, 207 
•Grain-sieve, J. II. Greenhill on an im¬ 
proved, 226. 

Granite and Old Red Sandstone, E. A. 
Wunsch on the junction of, at Gleu 
Sannox, Arran, 98. 

- of Strath-Emck, Lough Ness, 

Dr, J Bryce on the, 87; *on the 
earthquake district* of Scotland, 88. 


Graphical interpolation and integration, 

G II Darwin on, 13. 

-representation of the moments of 

resistance of plane figures, reauruO of 
lesenrches upon the, by Pi of G Jung, 

‘Gravitv, J. Croll on the tiunaformalion 
of, 30 

•Greenlull (J II ) on an improved 
grain-sieve, 225 

Grubb (11.) on tho testings of laige 
ohjcctnrs, 33, on recent improve¬ 
ments in equatonnl telescopes, 37, 
on a method of photogrupiling the 
defects in optical gloss arising from 
want ot homogeneity, 37 
Gulf of Cutoh, tidal operations in the, 
('apt A W Baird on, 52 
•Gut hue (Dr F ) and Pi of F Guthrie 
on the passage ot fluids through capil¬ 
lary and other tubes, 31 
*-(Prof F ) on solid water, (34. 

Ilimkel (E) uber dio T'hysi men 
(IfahpJnjttema und Ga^tt ophysana)y 

Hancock (lh \V A ) on Savings* Banks 
as a State function developed by 
chanty organization, 399, on the lm- 
poitanco ot extending tho Butish gold 
standard, wiih subordinate silver 
coins, to India as a remedy for the 
inconvenience m India of a rapid de¬ 
preciation of sih er, 198 
•Darkness (Trot ) and Prof. A, II. 
Nicholson on the strata and fossils 
between the Bonovvdaile series of the 
Comston flags of the north of Eng¬ 
land, 90. 

•Harper (It R ) on improvements in 
railway appliances, 225 
•—— (W ) on the natives of British 
Guiana, 1(35. 

•Ilamson (J Park) on tho Eastern 
picture-writing, 165 
•Hartley (W N ) on the critical point 
of liquid carbonic acid in minerals, 
04. 

Mlartshorne (B F.) on the Rodiyaa of 
Geylon, 105 

•Hay (Capt J. 8 ) and Commander 
Cameron on horned men of Akkcm, 
in Africa, 165. 

Hayden (W.) on parallel motion, 16, 
•Heart, Dr. Patou on tho action and 
sounds of the, 165. 

Henderson (W.), the history of copper 
extraction by the wot way. 64* 
Ilennessy (l*ro£) on tho decrease of 
temperature with height on the 
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earth's surface, SO; on tho distribu¬ 
tion of temperature over the British 
Islands, SO. *on new standards of 
measure ana weight. 49 

•Heywood (J.) on tne memorial of 
eminent scientific gentlemen m fat our 
of a permanent w leutilie museum, 
190. 

Highlands, tho physical sUuctuie of 
the, in connexion with their geologi¬ 
cal historv, the J)uko of Argyll on, 

81 

High-level terraces in C'arron valley, 
county of Linlithgow, I) Alilue- 
llome on, 04 

Hittite, Khita, Hamath, ranaamto, In¬ 
dian, Etiuscau, Peruvian, Mexican, 
&c , Hydo Clark: on, 105 

Holmes (J. V ) and it Russell on the 
raised beach on tho Cumberland 
coast, between Whitehaven and Bow- 
neas, 05. 

♦IIopo (Col.) on the purification of the 
Clyde, 04 

HopwoodfE. O) and II fi llrooke on 
the changes in the circulation which 
are induced when the blood is ex¬ 
pelled from tho limbs by Esmarchs 
method, 147. 

•Horck (II v II. v d) on tho Lap¬ 
landers and people oi the north of 
Europe, 100. 

•Horned m**n of Akkem in Africa, 
Capt J 8 Hay and Commander 
Cameron on, 105 

Hull (Prof E) on tho upper limit of 
essentially marine beds of the car¬ 
boniferous system of the British Isles, 
and the necessity lor the establish¬ 
ment of a middle caibomfeious group, 
90, on ft deep boring for coal at 
Scnrle, near Lincoln, 01. 

Humerus, Prof Cleland on the morpho¬ 
logical relations of the lower end of 
the, 148 

Hunter (T. 8 ) on dock- and quay-walls, 
foundations, &c, 225 

•Hunterian Museum, Prof J Young on 
the new cases m the, 147 

•Hydnodic acid, R. 1). Silva on the 
action of, on mixed ethers of the 
generalformulftCJIjn+^O.CHj,, 68 

•Hydrocarbons from turpentine, two 
new, A. C. Letts on, 65. 

Hydro-geolofjpcal surveys, B. Latham on 
the impor Mice of, from a sanitary 
point of view, 226. 

•Hygiene, physical education apd, in 
schools, W. Jolly on, 207. 


•India, Hr. Gilchrist on the red soil of, 
90 

Indian opium revenue, Rev. F. S Turner 
on the statistics of the, 210 

•Instability of steady motion, Sir W. 
Thomson on a new cose of, 65 

•Instinct, Rev J M‘Cftnn on tho origin 
of, 160 

Inverse problems of moments of inertia 
ami or moments of resistance. r6sum4 
of researches on tho, by Prof u Jung, 
21 

Iodine, ECU Stanford on tho iuanu- 
fa< ture of, 98 

Ireland, II Jephson on the valuation of 
property in, 200. 

•Iron ships, compass correction in, Sir 
W Thomson on, 45 

•Iso-purjuinne, Dr W A. Tilden op a 
new, *0 

•Jock (R. L ) on Tertiary basalt-rock 
dykes in Scotland, 92 

-(Dr W ) on tho results of five years 

of compulsory education, 200. 

•Janssen (Dr J ) sur let* usages du re¬ 
volver photogTftjphiquo eu astronomic 
et en biologic, 4u , * photograph ios du 
passage do V^nus a fcobtf, 40. *sur le 
mirage en mer,40, * on solar photogra¬ 
phy, with reiereuco to tho history of 
the solar surface, 40 , *on the eclipse 
of tho sun observed at 8*am in Apnl 
1875, 40 

Jeftery (II M) on plane cubics of tho 
third class with a double and a single 
focus, 17 , on spherical claas-cubics 
w ith double foci and double cybc arcs, 
19. 

Jeflrcys (J Gvvjn), the biological results 
of a cruise in II M.S. * \ alorous ’ to 
Davis Strait in 1875,147 

Jephson (II ) on the valuation of pro¬ 
perty in Ireland, 206. 

•Johnston ( Surgeon-Major) on the dy¬ 
namics of the racial diet m India, 154 

•Jointed prismatic structure in basalts 
and other igneous rocks, further illus¬ 
trations of the, by Prof. J. Thomson. 
96 

•Jolly (W.) on physical education and 
hygiene in schools, 207. 

Jordon valley, Prof. Porter on tlja phy¬ 
sical conformation and antiquities of 
the, 184. 

Jung (Prof. G.), rdsiqnd of research** on 
the inverse problems of moments of 
inertia and of moments of resistance, 
21; rdsumg of researches upon the 
graphical representation of the mo- 
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rnente of resistance of plane figures, 
23, on a new construction for the 
central nucleus of a plane section, 23 

•Kennedy (Prof A B VV ) on cen¬ 
troids, and their application to some 
mechanical pioblemn, 20, *on Rou- 
leux’s treatment of mechanisms, 220 

Kerr (Dr J ) on rotation of the plane of 
polarization by reflection from a mag¬ 
netic pole, 40 

Kmgzett (O T ) on the limited oxidtv- 
tion of torpcnce (Part IV ), 04, on 
the action of alcohol on the brain, 
164 

Knowles (W J ), the classification of 
arrow-heads, 1(H), additional remarks 
on the find of prehistoric objects at 
Portstowart, 100 

•Knox (l)r ) on Bosjes skulls, 100. 

LabjriUlhodont remain* fiom the upper 
Caibomfcums (gas-coal) of Bohemia, 
Dr A Putsch on, 80 

*Ladd (\\\), a description of Spoltia- 
woodo’s pocket polarizing apparatus, 

41. 

•Lamina immersed obliquoly in a fluid 
stream, Lord Rajleigh on the forces 
experienced by a, 31. 

Lamp, It lonender on a new form of, 
229* 

•Laplanders and people of tho noith of 
Europe, IT a IT a d Ilorek on the, 
100 

Larmuth (L.) on the poisonous activity 
of \ unadium m ortho-, met a-, and py ro- 
\anadic acids, 135 

-and Prof Gamgeo on the action 

of vanadium upon the intrinsic ner- 
\oufl mechanism of the frog’s heart, 
161. 

- f and J Priestley on the 

action of pyrophoephonc acid on the 
circulation, 162 

Lasaulx (Dr von)on some new minerals, 
and on doubly-refracting gamete, 92 

Latham(B Ion the importance of hydio- 
geological surveys from a sanitary 
point of view, 220. 

Laticiferoun canals in fruit of Zimno- 
charts Pfamtert, Prof, A. Dickson on, 

144. 

Lavender (H ) on a now form of lamp, 

229. 

Lead, the action of dilute saline solu¬ 
tions upon, M. M. P. Muir on, 06. 

•-desilverizing by the zinc process, 

J. JL Stoddart on, (39. 

Lebonr (GK A.) on the changes affecting 


the southern extension of the lowest 
Carboniferous rocks, 93. 

•Lecture-table, the new, for physical 
demonstration in the Royal College 
of Science for Ireland, diagrams and 
description of, by Prof Barrett, 48 
Legendre’s scale for calculating the first 
elliptic integral, Prof ¥, W New¬ 
man on tho use of, 28 
*LcMmahagow ; Dr R Slimon ou the 
Upper Silurian rocks of, 90 
•Lotte (A. C ) on twQ new hydrocar¬ 
bons from turpentine, 05 
Lightning, the protection of buildings 
from, Prof J C Maxwell on, 43. 
Limmchans Plumten, Pi of A Dickson 
on laticiforouB canals in, 145 
•Liverpool, overcrowding in, R W. 
Pitcher on, 208 

Lodge (O J ) on a mechanical illustra¬ 
tion ot eloetric induction and conduc¬ 
tion, 42 , on a mechanical illustration 
of thcinuM-lccUie pin mnueuti, 4)1 
Long (J ) on un appmatus for cleaning 
filtering-sand, 232 

•Lungs, Dr W Starling on the nervous 
apparatus of the, 163 

•M'Cann (Rev J ) on the origin of in¬ 
stinct, 100, *ou tho organization of 
oiiginnl research, i307 
Marfud/oan (J ) oil the parallel roads of 
(1 Ion Roy, 03 * 

M'lvondnck (Di J G ), Address by, to 
the Depaitincnt of Anatomy and Phy¬ 
siology, 126. 

•Mackerel sky, physical explanation of 
tho, by Sir W. T 1 bomson, 54 
Mao Lean (II ) on the Gaelic inhabitants 
of Scotland, 106, on the Anglicizing 
and Gachcuing of surnames, 107 
*M‘Nnb (Prof ) on ('horcochokuc polysx~ 
phomapy Remsch, 144 ? *on the struc¬ 
ture of tho loaf in difloteut species of 
Abies, 144 

•Mactear (J ) on soda manufacture, 66. 
*Macvicar (I)r ^ on the possible genesis 
of the chemical elements out of a 
homogeneous cosmic gas or common 
\apour of matter, 65* 

•Magnetization of iron, the effects of 
stress on the, Sir AV. Thomson on, 46. 
•Magneto-electric light, photometric 
measurements of the, by Capt. Abney, 

•Major third, ft practical method of 
tuning ajSir W Thomson on, 46. 
•Hansel (It,) on the direct motion of 
steam-vessels, 227. 

Mansion (Prof. P ), elementary demon- 
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strati on of a fundamental principle of 
tho theory of functions, 20. 
*Manv-\alued functions, M M W 
Wilkinson on, 30 

•Marcoartu (Don A do) on Spanish 
muling 207 

Mason (8 ) on the depreciation of aiKer 
amt a gold standard for In din, 207 
Mathematical and Ph>$ieiil Section, l*iof 
Sir W Thomson's Acldre«a to the, 1 
Matheaon (J , juu ) on the eiher di¬ 
lemma, 207 

Mutnca) id i nodora } Prof A Dickson on 
two monstrosities of, 143 
Maxwell (Prof J C on the protection 
of bmldmgs from lightning, 43 
Mechanical Section, i) W. MernfieMs 
Address to the, 211 

*-thorny of tho ^oaiing of birds, by 

W. Froude, 31 

Medusae, physiology of the nervous 
system of, th J ftomanes on, 158 
•Mensuration of certain solids, Prof J 
Thomson on a theorem in the, 30 
•Mental progress of animals dunng the 
human peiiod, J Show on, 169 
Mernfield (V W ), Address by, to the | 
Mechanical Section, 211 
•Metal smfa(es,J 13 Bey non on a bund 
machine for shaping and brushing 
metal surfaces, 21?) 

Metallic reflection, Trof IK Cl Stohes 
on a phenomenon of, 41. 

Metnc u Tuts of force, energy, and power, 
larger thnn those on the centimetre- 
gram-second system, Prof J Thom¬ 
son on, 32 

•Microscope adapted for showing the 
circulation m the human subjoet, Dr 
U Pritchard on a, 158 
Mildew in grey cloth, \V. Thomson on 
the growth of, 70. 

Military field-railway, J. B Fell on ex¬ 
periments made with a new form of, 
223. 

Millar (W. J 3 on the strength and frac¬ 
ture of cast iron, 227 
Milne-Home (D ) on the parallel loads 
of Glen ltoy, 93; on high-level ter¬ 
races in Curron valley, county of Lin¬ 
lithgow, 94 

•Mind, Prof Barrett on some phenomena 
associated with abuormal conditions 
of, 10* 

Minerals, some new, Dr. von Las&ulx on, 
92. 

•Murage en xuer, Dr. J. Janssen sur le, 

40 

•Mitchell (W. S.) on the Bagshot peat- 
beds, 94, 


More (A. G.) on the occurrence in Ire¬ 
land of Kitphat inter medium, Ledeb., 
144, *on Zoeteta tiana from Carnar- 
xonshire, 144 

*Moms (Uev, V, () ), a double dilemma 
| in Darwinism, 147 
l Mun (M M P ) on oMscntial oil of sage, 
05 , ou tin at lion of diluto saline so¬ 
lutions upon loud, 00, ou certain com¬ 
pounds at bismuth, 00 

-(T ) on comeigents, 27, *on tho 

relation between two continued £iac¬ 
tion expansions tor sene 1 *, 28 
•Murray (J ), notes on oceanic deposits 
find their origin, bo*cd on observa¬ 
tions made on hnaid H.MfcJ ‘Chal¬ 
lenger,’ 147, on the geological dis- 
tubutioii of oceanic deposits, 18J. 

Kamos, tlie prehHoiic, for man, mon¬ 
key, li/ard, Ac , Hyde Clniko on, 1(55. 
Napiei (C O Urnom) on tlie imwhnle- 
somene^ of flesh diet in tropital cli¬ 
mates, 153, on tho Plxcmcuins, 105 
•Nasmyth (J ) on a spherical pendulous 
«nftty-wih e, 229 

# IWnl signalling, Sir \Y Thomson on, 

^ 2.33 

Nen o w , tho termination of, in the 'vesti¬ 
bule and ficnnew idai canals of Mam¬ 
mals, Ih. U Pritchaid on, 156, 

New (lumen, Oitavjus Stone on hu 
locontjourneys in, 184 

-, NW,(I E Cerruti on his recent 

exploiations in, 182 

•Newlands (J. A ft) on relations 
among tho atomic weights of the ele¬ 
ments, (36, *on the alum process in 
sugar-relming, (M3. 

Newman (Prof F. W ) ou the use (.f 
liCgendre’s scale for calculating tie 
first elliptic integial, 28 
Newton (Prof A ), Address by, to tho 
lH^iftrtment of Itotany and Zoology, 

Nichols (Kerry), explorations in the 
Honda of tlie Coral Sea, 107,183. 
•Nicholson (Pj of A H.)and Prof. Hark- 
noss on tho strata and fossils between 
the Borrow dnilo senes of the Conis- 
ton flags of tho north of England, 90 
•Niger, A Bowden on a now route to 
the sources of the, 181. 

•Nitroso derivatives of the terpener, 
Dr. W. A. TUden ou the, 70. 

Nuphar intermedium, Ledeb., A. G. 
More on the occurrence in Ireland of, 
144. 

•Nutation of a solid shell containing 
liquid, Sdr W. Thomson on the, 85. 
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Objectives, largo, II, Grubb on the test¬ 
ings of, 80, 

Oceanic doposits, J, Murray on the geo¬ 
logical distribution of, 188, 

*-and thnir origin, notes on, 

hawed on observations made on board 
II M 8 ‘Challenger,’by J Murray, 147 
Old Ked Sandstone, li A Wunsolionthe 
junction of granite and, at Come and 
Glen Sannox, Arrau, 98 
Optical glass, the defectum, arising from 
a want of homogeneity, II Giubb on 
ft method of photographing, '17 
•Original reseaich, Dr M‘Cann on the 
organization of, 207 

*Ov ercro wding in Liverpool, It, \V 
Pitckei on, 208 

Oxidation of terpenes the limited, C. 
T Kingzett on, 04 

•Oxygen, G. J Stone} on the atomicity 
of, 01). 

Pandaneic of theMa^careno and Sey¬ 
chelles Islands, I B Balfour on tlie, 
142. 

Parallel motion, W. Hayden on, 18 
•Paiallel roads of Glen Roy, I. Mtufad- 
zoon on the, 08 

-, I) Milne-Tlomo on the, 0 1 

•Passage of fluids through capillary and 
other tubes, Pi of F Outline and Dr 
F Outline on the, 81 
Patent legislation, St J V. I>a} on 
recent attempts at, 198. 

•Paterson (Rev J ) on a purne} across 
1 inland, from Fllenborg to Arch¬ 
angel vid Komi, 183 
•Paton (Dr ) on tlio action and sounds 
of the heart, 155 
•Patterson (T L.) on sugar, 07 
Peach (0 W ) on circiimato vernation 
of Sphenoptvna affinis from the earliest 
stage to completion, and on the dis- 
co\ery of &itanhylopto'U, a genus new 
to British rocks, 04,114. 

Pendulum-vibrations, the conditions of 
the transformation of, It II M. Bo- 
eanquet on, 45. 

Pengolly (W.) on an urn from Clmd- 
leigh, Devon, 180 

•^entachloride of phosphorus, the action 
of, on turpentine, Pi of. Crum Brown 
on, 62. 

•Perak and Salangore, W. D’Almeida 
on, 182. 

Perkin (W. H.), Address by, to the 
Chemical Section, 55; on some new 
anthracene compounds, 67. 

•Perry (Prof.) ana Prof. Ayrton on the 
thftnrv of voltaic action. 42. 


•Phend (J. S ) on relics of Totemism m 
Scotland in histone times, 160, *on 
the Arthurian apple and the serpent 
of the ancients, JnO 

•Phoenicians, C 0 Groom Napier on 
tko, 105 

•Phosphorite deposits of the south of 
France, J. E Ta}lor on the age, 
faunft, and mode of occurrence of the, 
96 

Phosphorus, the difference in # tho 
poisonous activity of, in ortho-, meta-, 
and pyro-phosphonc acids, Prof Gam- 
gee, John Pnestley, and Leopold 
Larmuth on, 151 

'Photography, solar, with reference to 
tho history of the solar surface, Dr 
J. Janssou on, 40 

•Photometric measurements of the mag- 
neto-electnc light, bv Capt. Abney, 
80 

Vhp'iemanm {HaUphi/nemci und Gastro-' 
pfn/wma), E Haockol uber die, 158 

Physical structure of tko Highlands, 
the Duke of Argyll on the, in con- 
ne tion with their geological history, 8 l. 

•Physiological action of nyro-, mota-, 
and ortho-phosphoric acms,Frof Gam- 
gee on the, 64 

*-of night, recent additional 

obsenations on the, by Prof. Dewar, 
151 

Phy-uology, Dr J fl M‘Kendnck> 
Addross to the Department of Ana¬ 
tomy and, 126. 

Pieohne and ltw derivatives, Dr. W, 
Ramsay on, 67 

•Pitcher (R \V ) on overcrowding in 
Liverpool, 208 

•Placenta, Prof W, Turner on the 
structure of the^ in relation to the 
theoiy of Evolution, 168 

Plane cubics of the third class with a 
double and a single focus, II M. Jef¬ 
fery on, 17 

riants of tho Coal-measures, Prof, W, 
V Williamson on some of the physi¬ 
ological and morphological feature* 
seen m the, 146. 

Playfair (Col It. 1 4 .) on travels in 
'funis in the footsteps of Bruce, 183. 

•Pneumatic tramway-car, W. D. Scott- 
Moncreiff on a, fcffe. 

Polarizationj rotation of the plane of, 
by reflection from a magnetic pole, 
Dr. J. Kerr on, 40 

•Pollution of rivere, Rev. R. Thomson 
on the prevention of, 70, 

Poor law, the Scottish, A. APN, Caird 
on some special evils of, 197. 
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Porter (Prof.) on some points of interest 
in the physical conformation and an¬ 
tiquities of the Jordan valley, 184. 

Portatewart, additional remarks on the 
finding of prehistoric objects at, by 
W J Knowles, 100 

Pre-corbomferous and metamoiphosed 
trap-dykes, and the associated rocks 
of North Mayo, Ireland, W Traill on 
certain, 97 

Professional motion of a liquid, Sir W. 
Thomson on the, 33 

Priestley (J ) on the physiological action 
of vanadium, 155 , on the physiolo¬ 
gical action of chromium, 160 

-, Prof Gam goo, and L Larmuth 

on the (liflerem e in the poisonous ac¬ 
tivity of phomhorus in ortho, meta-, 
and pyropnusphonc at ids, 151, on the 
at turn of pyrophosphonc acid on the 
circulation, 15*2 

Primitive agriculture, A, W. Buekland 
on, 184 

Pritchard (Rr. U ) on the tcimination 
of the nerves in the vestibule and 
semicircular cauftla of Mammals, 150 , 
*on a microscope adapted for showing 
the circulation m the human subject, 
158 

'Purser (Pi of J ) on the modification 
of the motion of waies produced by 
fluid faction, 3] 

'Putumayo or I9&, the river, South 
America, A. Slmson on, 184, 

Pyrophosphonc acid, the action of, on 
the circulation, Prof Gamgee, J 
Priestley, and L Larmuth on, 152 

•Pyrotartanc acid, remarks, by W 
IHttmar, on Rcboul’a paper on, 03, 

Radiometer, W. Crookes on the in¬ 
fluence of the residual gas on the 
movement of the, 30. 

•Railway appliances, 11, R. Harper on 
improvements in, 225 

*- trains, \V. Stroudley on com¬ 

munications between passengers and 
jjuards in, 233. 

Railways on three-foot gauge in the 
United States, Capt. D. Galton on, 
224. 

Raised beach on the Cumberland coast, 
between Whitehaven and Bowness, 
R, Russell and J, V. Holmes on the, 
96. 

Ramsay (Dr. W) on picoline and its 
derivatives, 07. 

•Rayleigh fLori) oh the forces ex- 

S erienced by a lamitta immersed ob- 
quely in a fluid stteato, 31. 


•Reboul’a paper on pyro-tartaric acid,W. 

Dittmar on, 33 

•Red soil of India, I)r. Gilchrist on the, 
90 

Residual gas, the influence of the, on the 
mov emont of the radiometer, W. 
Crookes ou, 30 

•Reuleaux’s treatment of mechanisms, 
Prof A B W Kennedy on, 228 

•Rev olver photographiquo en ostronomie 
ct en biologic, Dr J. Janssen sur les 
usages du, 40 

•Reynolds (Dr. J. E ) on glucinum, its 
atomic weight and specific heat, 08. 

•- (Prof O ) on the resistance en¬ 

countered by vortex rings, and the 
relation between the vortex ring and 
stream-lines of a disk, 31, on the in- 
v eatigation of the steering qualities of 
ships, 229 

•Right-handedness, J Shaw on, 189 

*Ri\era, Rev R Thomson on the pre¬ 
vention of the pollution of, 210. 

Romanes (G J), physiology of the 
nervous system of Medusw, 158. 

•Romcr (Dr F ) on the mountain lime¬ 
stone of the west coast of Sumatra, 
ft? 

Itoss (Rev W ) on the educational value 
of their native language to the Gaelic- 
speaking population of Scotland, 208. 

Rowan (F J.) on boiler incrustation 
and corrosion, 229 

Russell (F.) on Sheriff courts and rela¬ 
tive judicial statistics, 208. 

- (R ) and J V Holmes on the 

raised beach on the Cumberland coast, 
between Whitehaven and Bowness, 
05 


•Sabine’s, Mr, method of measuring 
small intervals of time, W. IL Walenn 
on, 52, 

Safety-apparatus, unproved, for mine- 
hoists and warehouse-lifts, T Dobson 
on, 222. 


*-lock foT facing-points, M. Evans 

on, 223. 


— valve, a spherical pendulous, J. 
Nasmyth on, 229. 

£e, essential oil of, M. M. P. Muir on, 


•Salai^jjore, Perak and, W. B. D’Almeida 

Saline solutions, dilute, the action of, 
upon lead, M M. P. Muir on, 83. 

•Samoan Archipeligo, Dr. L. Forbes ou 
the. 183. 

•Sana-btrs. M> Bergfefrm on the rifffloral 
of, from hatiWtkMboUth*, 210. 
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•Sanderson (Prof. Burdon), new re¬ 
searches on the electrical phenomena 
consequent on irritation of the loaves 
of the fly-trap (Dwntva mwctptUa), 

las. 

Savings’ Banks as a State function deve¬ 
loped by chanty organization, Dr. W, 
N. Hancock on, 100 
•Scientific Museum, a permanent, J 
Ilevwood on the memorial of eminent 
scientific gentlemen in favour of, 190, 
•Scotland, Dr J Brvee on the earth¬ 
quake districts of, 88 
Scottish poor law, A M‘N. Cnird on 
some special evils of the, 107 
‘Scott-Moncroift (YV D ) on a pneu¬ 
matic irumwa)-car, 233 
•Serpent of the ancients and the Artku- 
nan apple, J S Pheud on, 109 
’Sewage, W. (J Sillar on the utilization 
of, OS. 

•- purification and utili/ution, J 

Banks on, 02 

Sewell (Itov E.) on the drifts and 
boulders of the upper part of the 
valley of the Wharfe, Yorkshire, 05 
•Shaw (J ) on right-handedness, 169, 
on the mental progress of iiminsls 
during the human ponod, 100 
Shenft courts and relative judicial sta¬ 
tistics, F Bussell on, 208 
•3{emens (L)r. C W ), description of 
the bathometer, 31 

•Silica colls, artificial, experiments on 
the formation and growth of, by Prof 
Cohn, 140. 

Siliceous sponges fiom tbe Carboniferous 
limestone near Glasgow, J Young on, 
90. 

•Sillar (W C) on the utilizat on of 
sewage, 68, 

•Silva (R D.) on the action of hydrlodic 
acid on mixed ethers of the general 
formula CJ1,, +1 +0.CH # , 68. 

Sliver, the inconvenience of a rapid de¬ 
preciation of, in India, l)r W, N. 
Hancock on the importance of extend¬ 
ing the British gold standard to India, 
os a remedy for, 108. 

-, the depreciation of, and a gold 

standard for India, S. Mason on, 207 

- dilemma. J. Matheson, jun, on 

the, 207 

Simons (W.) on an elevating steam ferry, 

238. 

•Simson (A ) notes on the River Putu¬ 
mayo or I9A, South America, 184. 
•Skufl, a hydrocephalic, Prof Cleland 
on. and on the duplicity of the tem- 
potfcl ridgfe, 149. 


•Skull, Sooloo, Prof. Cleland on a, 166. 
’Skulls, Bosies, Dr Knox on, 166 

* -, two, from the Andaman Islands, 

Dr. Allen Thomson on, 169 
Slavery and the Rlavo trade, Rev A 
Bunacott on the present extent of, 
190 

‘Shmon (I)r R.) on the upper Silurian 
rocks of Lesmahagow, 06 
•Smith (A ) on stxhum, 68 
‘Soaring ot birds, mechanical theory of 
the, by W Froude, 31 
‘Soda manufacture, J Mactear on, 05 
‘Sodium, A Smith on, 08 
‘Solid water, Prof Uuthnn on, 64 
•Spanish mining, Don -V. do Marcoartu 
on, 207 

Sphenoptei ts affims, C W. Peach on cir- 
cuinnte vernation of, from the earliest 
stage to completion, 04,144 
Spherical cluns-cubica with double foci 
and double cyclic arcs, IT M Jeflbry 
on, 10 

‘Spottiswoode’s pocket polarizing appa¬ 
ratus, a defleupturn of, by W Ladd, 41 
‘Sprengel pump, C II Oimmgham on 
a modification ol the, 40 
‘Spring fenders, M Evans on the appli¬ 
cation of, to pier-heads, 223 
‘Standards of measure and weight, new, 
Prof TlennessY on, 40 
Stanford (EC C ) on tho manufacture 
of iodine, 68 

Staphyloptc? 1 $, a genus now to British 
rocks, C W Peach on the discovery 
of, 94. 144 

Steam ferry, an elevating, W. Simons 
on, 233 

* - 8 hip resistance, J. E Williams 

on, 233 

* -vessels, R. Mansel on the direct 

motion of, 227. 

‘Steel (J ) on the brake problem, 233. 
‘Steel plates for boiler purposes, A B. 

Brown on a flanging-iron and, 219. 
Steering qualities of ships, Prof O. 
Reynolds on the investigation of the, 
220 . 

‘Stephenson (Mr ) on tho civilization of 
South-eastern 4fnca, 208 
•Stirling (Dr N.) on tho nervous ap¬ 
paratus of tho lungs, 163. 

Stobcross Docks, description of, by J. 
Deas, 220. 

*S tod dart (J. E.) on lead dosilveriting 
by the zinc process, 69. 

Stokes (Prof G. G.) on a phenomenon 
of metallic reflection, 41. 

Stone (Octavius) on his recent jotfftteys 
I in New Quince, 184. 
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•Stoney (G, J.) on the amplitude of 
waves of light and heatj 31, *on 
acoustic analogues to motions in the 
molocules of gases, 31 , *on the 
atomicity of oxvgen and on the con¬ 
stitution of basfc salts, til) 
Strath-Errick, Lough TS r esa, Dr J. Brjce 
on the granite of, H7 
•Stroudley (W ) on (omniumcations 
between passengcis and guaids m 
railway trains, 2 1 f 

*Strutbers (Prof ), mi account of finger- 
muscles found in the Greenland light 
whale, 1(5 f, *un account of dissec¬ 
tions of the supposed imlimentiiry 
hind limb of the Greenland right 
whale, 103 

•Subaqueous locks, Major Beaumont 
on the romo\ al of, by the diamond 
rock-borer, 210 

*Sub-Wealden exploration, Major lieau- 
mont on the, 8/ 

* - 1 It "\\ dMt on the, 97 

•Sugar, T. L PuUerson on, 07 

* -lehmng, J A 1? Newland* on 

tho alum pioccss in, (50 
*Sun, the eclipse of the, obsonnd at 
Siam in April 1873, Dr J Janssen 
on, 40 

* Surface-watei of the ocean, on tho 

specific gravdy of tho, as observed 
during the (rm-e of If M S ‘Challen¬ 
ger/ by J Y Buchanan, 181 
Surnames, the Anglu i/ing and Gaelici- 
zmg of, II Mao Lean on, 107 
•Swan (1J ) on zme, 09 
•Symons (G J ) on a new form of 
thermometer foi absolving earth tem¬ 
perature, 19, on an unmistakable 
true noith compass, 49 
Systemes de points main ids, V. Cerruti 
sur les mouve mints ap&iodiques dos, 
12 , 

-de spheres et les de 

droites, Prof L Cremona stir lea, 12, 

Tail (Prof P. G ), general theoiems 
relating to closed curie*, 29 

-(P. M.) on tho theoi} and practice 

of accident insuranco by sen and laud, 

208 

•Taylor (J 1C ) on tho age, fauna, and 
mode of oecun cnee of the phosphonto 
deposits of the South of France, 06, 
Telescopes, equatorial, II Grubb on 
recent improvements in, 37. 
Temperature/ the decrease of, with 
height on the earth’s surface, Prof 
Hennesgy on, 39. 

the distribution over the 


British Islands, Prof. Ilenncasy on, 

30. 

Terpenes, C T, Kmgzett on the limited 
oxidation of, 64 

* -, Dr \V. A Tdden on the nitroso 

derivatives of the, 70 

•Tertiary basalt-rock dykes m Scotland, 
H L Jack on, 02 

Testings of large objectives, II. Grubb, 
on tin*, 33 

Theoi \ of functions, elementary demon¬ 
stration of a fundamental principle of 
the, by Prof P Mansion, 2(3 * 

Thermoelectric phenomena, O J. Lodge 
ou a mechanical illustration of, 43 

•Thermometer, a now deep-sea, J. Y. 
15u< Imnan on, HI 

* -for observing oaith temperature, 

a new form of, G J Sjmons on, 
40 

Theta funi lion as a definite integral, J. 
W L Glaishei on a senes summa¬ 
tion leading to an expression for the, 
lo 

•Thomson (Di Allen) on two skulls 
fr >m the Andaman Islmds, 109 

* -(Prof J ) on a theorem in the 

mensuration of ceitmn solids, 30, ex- 
pci imeiitil illustration of tho origin of 
windings of mors in alluvial plains, 
31 , oiLmetuc units of force, energy, 
and pou cr, largei than those on the 
centimelre-gram-socond sjKtom, 32, 
•on ridgy structure in coal, with sug¬ 
gestions for accounting for its origin, 
9(3, • further illustrations of the jointed 
prismatic structure in basalts and other 
igneous rocks, 99 

* - (Kev It) on tho prevention of 

the pollution of livers, 70, 210. 

-(Prof 8ir W ), Address by, to the 

Mathematical and Pbj sical Section, 1; 
on tho precession al motion of a liquid, 
39, Veeular illustration of the laws 
of tho diffusion of liquids, 35, *on a 
now cast' of instability of steady 
motion, 35, *on the nutation of a 
solid shell containing hquid, 35 , *on 
compvsfl torus, turn m iron ships, 46; 
•eflects of stress on the magnetization 
of non, 45, *on contact electricity, 
45, *on a practicvl method of tuning 
a major third, 48; on a now form of 
astronomical clock with free pendulum 
and independently governed uniform 
motion for e^capomont-wheel, 49; 
•physical explanation of the mackerel 
sky, 64 ; *on nav igational deep-sea 
soundings in a ship moving at nigh 
speed, 54 ; *on naial signalling, 233, 
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Thomson (W ) on tho growth of mildew 
in grey cloth, 70 

Tidal operations m tho Gulf of Cutcli, 
Capt. A W Baird on, 62 

-retardation argument for tho ngn 

of tho earth, J Croll on t he, 88 

•Tilden (Br, \V A ) on tho mtro^o 
derivative,* of tho terpenn-*, 70, •pre¬ 
liminary note on a new lso-purpunnc, 
70. 

’•‘Time, S. Fleming on the conventional 
diviNiou of, now in use, and on the 
dasirffbihtv of adopting common time 
over the globe for mil wft) s and utenni- 
ships, 182 

Tizara (Staff Commander) on tho tem¬ 
perature obtained m the Atlantic 
Ocean duung the (rule** ot II M S 
* Challenger, 186 

Tortnisoe,gigantic land, and a freshwater 
specie* from the Maltese casern*, 
with obsei vations on their iosail fauna, 
by Trof A Leith Ad mil*, 146 

•Totemiem m Scotland in histone times, 
relics of, J S Phentf on, 160 

Traill (W A ) on certain pre-rurhom- 
ferous and metamorahosed trap-d> kt s, 
and the associated rocks ot North 
Mayo, Ireland, 07 

• Tramway car, a pneumatic, \V I) 
Scott-Moncreilf on, 233 

•Transformation of gravity, J. Croll on 
the, 30 

-of pendulum-vibration*, R 17 M 

Bosanquet on the conditions of the, 
46. 

True intonation, illustrated by the voice- 
harmonium with natural hnger-boaid, 
40. 

Tullack (W 1 on the boarding-out of 
pauper children in England, 20O 

Turns, travels in, in the footsteps of 
Bruce, Colonel R. L. Playfair on, 
183 

Turner (Rev. F. S ) On the statistics of 
the Indian opium revenue, 210 

* - (Prof W) on tho structure of 

the placenta in relation to tho theory 
of evolution, 163. 

•Turpentine, the action of pentachlonde 
of phosphorus on, Prof. Crum Brown 
on, 62. 

•Upper Silurian rocks of Lesmahogow, 
Dr. R. Slunon on the, 06. 

Urn from Chudleigh, Devon, W Pen- 
gelly on on, 160, 

•Vacuum-tap, C II Gjmingham on a 
new form of, 40 

1876. 


** Valorous ' expedition, the arenaceous 
Forammifora collected in the, Dr 
W B Carpenter on, 140. 

Valuation ot property in Ireland, II. 

Jephson on the, 200 
Vanadium, J Priestley on the physio¬ 
logical action of, I5o 

- f L Tjarmut h on tho poisonous 

activity of, m ortho-, rneta-, and pyro- 
v anodic acids, 156 

Variation in thickness of tho middle 
Goal-measures of the Wigan coal-held, 
C E Be liance on the, 80 
•Vfrius. photographies du passago de, 
a Kobe, by Br J Janssen, 40 
•Voltaic at tion, Ifrofs Ayrton and Perry 
oil the contact theory of, 42 

* - battery, a new, II W Biggs on, 

62 

•Vortex rings, the resistance encoun¬ 
tered by, and tho relation between 
the vortex ring and Htroam-hues of a 
disk, Prof. O Reynolds on, 31 

Walenn ( \V If ) on division-remainders 
in arithmetic, 30 , *on Mr Sabine’s 
method of measuring small in ten ala 
ot time, 62. 

Wallace (A R ), Address by, to tho 
Biological Section, 100 
•Wunklvn (J A.) on tho effects of the 
mineral substances in drinking-water 
on the health of the community, 163, 
•Ward (Fj on the prevention of frau¬ 
dulent alterations in cheques, &c., 70 
•Water,drinking-, Prof Wanklyn on the 
elleots of mineral substances in, on 
tbo health of the community, 103 
•Waves, tho modification of the motion 
of, produced by tluid friction, Prof. J. 
Puiser on, 31 

* - of light and heat, G. J Stoney 

on the amplitude of. 31 
•Weldon (W ) on tho means of sup¬ 
pressing alkali waste, 70. 

*\vhalo, the Greenland right, an account 
of dissections of the supposed rudi¬ 
mentary hind limb of, by Prof Stru- 
tliers, 163. 

* -, -, an account of finger- 

muscles found in, by Prof, tilruthers, 
163 

Wharfe, the valley of the, Yorkshire, 
Itev, E. Sewell on the dnfu and 
boulders ot the upper part of the, 96. 
•White-lead, J. Ferguason on, 63. 
•White Nile between Gondokoro and 
Appuddo, observations on the, by 
Lieut W. II. Chippendall, 182. 
Wigan coal-field, C. E De Ranee on 
22 
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the variation in thickness of the mid¬ 
dle Coal-measures of the, 80. 

* Wilkinson (M. M U.) on many-valued 

functions, <30 , . „ T 

•Willett (W II ) ou the Sub-W caldeu 

exploration, 07 

* Williams (J. 15) on steam-ship resist¬ 

ance, 2$3 

Williamson (Prof W C ), recent re¬ 
searches into the organization of somo 
of the plants of the Coal-measures, 98, 
on some ot the physiological and mor¬ 
phological features seen in the plants 
of the Coal-measures, 145 
Windings of rivers in alluvial plains, 
expenmental illustration of the origin 
of, by Prof. J Thomson, ill. 
•Woman, the oldest in Scotland, Gene¬ 
ral Sir J Alexander on, 104 


♦Wngbt (Dr. C. R A) on new cotar- 
mne derivatives,70, on the alkaloid* 
of tho aconites, 71. . c 

Wunsch (E A.) on the junction ot 
granite and old red sandstone at Gome 
and Glen Sannox, Arran, 88 

Young (Prof .T )% Address by, to the 
Geological Section, 72, on the new 
oa^ea in the Hunterian Museum, 147 

__ (,J ) on siliceous sponges from the 

Carboniferous limestouenearGlasgow, 

U9 

•Zinc, D Swan on, 09 
Zoology, Prof A Newton’s Address to 
the Department of Botany and, 119 
*/j vskra nana from Carnarvonshire, A 

G More on, 144 
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id Great Britain ;—Report of a Committee on the construction of a Constant Indicator for 
Steam-Engines, and for the determination of the Velocity of the Piston of the Self-acting En¬ 
gine at different periods of the Stroke ;—J S. Russell, Report of a Committee on the Form of 
Ships |—Report of a Committee appointed “to consider of the Rules by which the Nomencla¬ 
ture of Zoology may be established on a uniform and permanent basis ; u —Report ofa Com¬ 
mittee on the Vital Statistics of large Towns In ScotlandProvisional Reports, and Notice* 
of Progress In special Researches entrusted to Committee* and Individuals 

Together with the Transactions of the Sections, Lord Francis Egerton’s Address, and Re¬ 
commendations of the Association and its Committee*. 

PROCEEDINGS of the THIRTEENTH MEETING, at Cork, 
1843, Published at 12*. 

Contents j—R obert Mallet, Third Report upon the Action of Air and Water, whether 
fresh or salt, clear or foul, and at Various Temperatures, upon Cast Iron, Wrought Iron, and 
Steel;—Report of the Committee appointed to conduct the Cooperation of the British At- 
ooclatlon in the System of Simultaneous Magnetlcal and Meteorological Observations ,—Sir 
J, F. W. Herwhel, Bart, Report of tho Committee appointed for the Reduction of Meteoro¬ 
logical Observations;—Report of the Committee appointed for Experiments on Steam- 
Engines;—Report of the Committee appointed to continue their Experiments on the Vitality 
of Seeds)—J. S. Russell, Report of a Series of Observations on the Tides of the Frith of 
Forth and the East Coast of Scotland ;—J. S. Russell, Notice of a Report of the Committee 
on the Form of Ships;—J. Blake, Report on the Physiological Action ot Medicines,—Report 
of the Committee on Zoological Nomenclature,—Report of the Committee for Registering 
the Shocks of Earthquakes, and makfng'such Meteorological Observations as enay appear to 
them desirable;—Report of the Committee for conducting Experiments with Captive Balloonai 
—Prof. Wheatstone, Appendix to the Report;—Report or the Committee for tne Translation 
end V abltcatlon of Foreign Scientific Memoirs;—C. W. Peach, on the Habits of the Marine 
TestoCea t—E. Forbes, Report on the Molluscs and Radiate of the jEgean Sea, and on their 
distribution, considered as beaming on Geology L. Agassis, Synoptical Table of British 
FbaaU Fishes, arranged in the order of the Geological Formation# i—R, Owen, Report on the 
British Foes)] Mammalia, Fart ILr—E. W. Binney, Report on tbo excavation made it tho 
Junction of the Lower New Rod Sandstone wkh the Coal Measures at Cellyburtt t— W, 
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Thompson, Report on lh« Fauna of Ireland: Dlv. hweritbrat* ;—Provisional Reports, and 
Notices of Progress tn Special Researches entrusted to Commiiteea and Individuala. 

Together with the Tratuactiom of the Sections, Earl of House's Address, and Recommen¬ 
dations of the Association and Its Committees. 

PROCEEDINGS of the FOURTEENTH MEETING, at York, 1844, 
Published at £ 1. 

Contents .—W B Carpenter, on the Microscopic Structure of Shells ,— J. Alder and A. 
Hancock, Report on the British Nudibranchiate Mollusca,—R, Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants,—Report of a 
Committee appointed by the British Association in 1840, for revising the Nomenclature of tho 
Stais,—Lt-Col. Sabine, on the Meteorology of Toronto In Canada ,—J Biackwull, Report 
on some recent researches into the Structure, Functions, and Economy of the jI raneidm 
made in Great Britain Earl of Rosse, on the Construction of largo Reflecting Telescopes; 
—Rev \V V Harcomt, Report on a Gas-furnace for Experiments on Vitrifaction and other 
Applications of High Heat in the Laboratory,—Report of the Committee for Registering 
Earthquake Shocks in Scotland ,—Report of a Committee for Experiments on Steam-Engines; 
—Report of the Committee to investigate the Varieties of the Human Race Fourth Report 
of a Committee appointed to continue their Experiments on the Vitility of Seeds,—W, frair- 
bairn, on the Consumption of Fuel and the Prevention of Smoke ,— F Ronalds, Report con¬ 
cerning the Observatory of the British Association at Kew,—Sixth Report of the Committee 
appointed to conduct the Cooperation of the British Association in the System of Simulta¬ 
neous Magnetical and Meteorological Observation!,—Prof Forchhammer on the Influence 
of Fucoidal Plants upon the Formations of the Earth, on Metamorphism in general, and par¬ 
ticularly the Metamorphosis of the Scandinavian Alum Slate,— H E Strickland, Report on 
the recent Progress and Present State of Ornithology,—T Oldham, Report of Committee 
appointed to conduct Observations on Subterranean Temperature in Ireland t—Pi of Owen, 
Report on the Extinct Mammals of Australia, with descriptions of certain Fossils indicative 
of the former existence in that continent of large Maisupial Representatives of the Order 
Pachydermata ,—W S, Harris, Report on the working of Whewell and Osier's Anemomrtcrs 
at Plymouth, for the years 1841, 1842, 1848 ,—W. R, Rirt, Report on Atmospheric Waveg; 
—L. Agassis, Rapport sur les Poissons Fussilei de FArgile de Londres, with translation,—J. 
S. Russell, Report on Waves t—Piovisional Reports, and Notices of Pr< gress in Special Re¬ 
searches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Dean of Ely's Address, and Recommenda¬ 
tion a of the Association and its Committees. 

PROCEEDINGS of the FIFTEENTH MEETING, at Cambiidge, 

1845, Published at 12*. 

Contents t—Seventh Report of a Committee appointed to conduct the Cooperation of the 
British Association In the System of Simultaneous Magnetical and Meteorological Observa¬ 
tions;-—Lt.-Col. Sabine, on some points In the Meteorology of Bombay ,—J, Blake, Report 
on the Physiological Actions of Medicines ,—Dr. Von Roguslawskl, on the Comet of 1843* 
—R. Hunt, Report on the Actlnograph j—Prof, Skhfinbeln, on Oxone,—Prof Erman, on 
the Influence of Friction upon Thermo-Electricity,—Baron Senftenberg, on the Self- 
Registering Meteorological Instruments employed in the Observatory at Senftenberg;— 
W, R t Blrt, Second Report on Atmospheric Waves;—O. U. Porter, on the Progress snd I're- 
eeut Extent of Savings* Banks in the United Kingdom j— Prof. Bunsen and Dr. Playfair, 
Report on the Gaaet evolved from Iron Furnaces, with reference to the Theory of Smelting 
of front—Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan;— 
Report of the Committee on the Registration of Periodical Phenomena of Animals and Vege¬ 
tables ;—Fifth Report of the Committee on the VitalitV of Seeds,—Appendix, &c. 

Together with the Transactions of the Sections, Sir J. F. W. Henehel'a Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the SIXTEENTH MEETING, at Soulfcamptcn, 

1846, Published at 15#. 

Contents:—G. G. Stokes, Report on Recent Researches In Hydrodynamicst—Sixth, 
Report of the Committee on tbe Vitality of SeedsDr, Schunck, on the Colouring Matters of 
* Madder-J, Blake, on the Physiological Action of Medicines;— R. Hunt, Report on the Ac* 
tlnagrapb R. Hunt, Notices on the Influence of Light on tbe Growth of Plant*;—R. L* 
RRis, on the Recent Progress of Analysis;—Prof, Forchhammer, on Comparative Analytical 
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Researches on Set Water i—A. Erman, on the Calculation of the Gaussian Constants fat 
1629,—G ft. Porter, on the Progress, present Amount, and probable future Condition of the 
Iron Manufacture in Great Britain ,—W R Birt, Third Report on Atmospheric Wares(— 
Prof, Owui, Report on the Archetype ami Homologies of the Yerlcbiate Skeleton 
J. Phillip*, on AnemometryJ, Percy, M D., Report on the Crystalline Flags,-—Addends 
to Mr Birt'* Report on Atnunphcnc Waves. 

Together with the Transactions of the Seitionn, Sit R I, Murchison's Address, and Re¬ 
commendations of the Association ana its Committees. 

PROCEEDINGS of tiie SEVENTEENTH MEETING, at Oxford, 

1847, Published at 18*. 

Contents —Prof Langberg, on the Specific Gravity of Sulphuric And at different de¬ 
grees of dilution, and on the relation which exists between the Development of Heat and the 
coincident contraction of Volume in Sulphuric Acid when mixed with Water j— Iv Hunt, 
Researches on the Influence of the Solar Rays on the Growth of Plants ,—K Mullet, on 
the Fuctt of Earthquake Phenomena,—Prof Nilsson, on the Primitive Inhabitants of Scan¬ 
dinavia (—W Hopkins, Report on the Geological Theories of Elevation and Earthquakes, 
—Dr. W. B Carpenter, Report on the Microscopic Structure of Shells,—Rev W Whewell and 
Sir James C Ross, Report upon the Recommendation of an Expedition for the purpose of 
completing our knowledge of the Tides;—Dr Schunck, on Colouring MattersSeventh Re¬ 
port of the Committee on the Vitality of Seeds,—J Glynn, on the Turbine or Homonial 
Water-Wheel of Fiance and Germany,—Dr R G Latham, on the present state and recent 
progress of Ethnographical Philology , — Dr J C Piichard, on the various methods of Research 
which contribute to the Advancement of Ethnology, and of the relation* of that Science to 
other branches of Knowledge,—Dr C C J Bunsen, on the results of the rect nt Egyptian 
researches in reference to Asiatic and Afncan Ethnology, and the Classification of Languages t 
—Dr. C. Meyer, on the Importance of the Study of the Celtic Language as exhibited by the 
Modern Celtic Dialects still extant,—Dr Max Muller, on the Relation of the Bengali to the 
Arlan and Aboriginal Languages of India,—W H Birt, Fourth Repoit on Atmospheric 
Waves,—Prof W II Dove, Temperature Tables, with Introductory Kemaiks by LteuL-Col. 
Ij Sabine A Erman and II. Petersen, Third Report on the Calculation of the Gaussian Con¬ 
stants for 1820, 

Together with the Transactions of the Sections, Sir Robert Harry Inglls’s Address, and 
Recommendations of the Association *nd it* Committees. 

PROCEEDINGS or the EIGHTEENTH MEETING, at Swansea, 

1848, Published at 9s. 

Contents*—R ev. Prof. Powell, A Catalogue of Observation* of Luminous Meteors;— 
J Glynn on Water pressure Engines \ —R. A. Smith, on the Air and Water of Towns,—Eighth 
Report of Committee on the Growth and Vitality of Seeds,—W R. Birt, Fifth Report on At¬ 
mospheric Waves,—E Schunck, on Colouring Matters,—J P Budd, on the advantageous use 
made of the gaseous escape from the BU»t Furnace* at the Ystalyfera Iron Works;—R. Hunt, 
Report of progress In the investigation ftf the Action of Carbonic Acid on the Growth of 
Plants allied to those of the Coal Formations,—Prof H W. Dove, Supplement to the Tem- 

S erature Tables printed in the Report of the British AsiocisMon for 1847 ,—Remarks by P tot\ 
love on his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on 
some of the principal Conclusions in regard to Climatology deducible from them; with an in* 
troductory Notice by Lt-Col E Sabine,—Dr Daubeny, on the progress of the investigation 
on the Influence of Carbonic Acid on the Growth of Ferns;—J Phillips, Notice of farther 
progress tn Aoemometncal Researches;—Mr Mallet’s Letter to the Assistant-General Secre¬ 
tary i—A* Erman, 8econd Report on the Gaussian Constants i—- Report of a Committee 
relativ to the expediency of recommending the continuance of the Toronto Magnetjcal and 
Meteorological Observatory until December 1850. 

Together with the Transactions of the Sections, the Marquis of Northampton’s Ad drew, 
and Retfeiiiv’tndatfoni of the Association and its Committees. 

PROCEEDINGS of the NINETEENTH MEETING, at Birtfatngbtm, 
1849, PuMUfod ai 10#. ' * 

Contents i—R ev. Prof. Powell, A Catalogue of Observations of Luminous Meteors j—Earl 
•f Room, Notloe Of Nebula lately observed in the Six-feet ReflectorProf. Daubeny, on the 
Influence of Carboule Add Oat on the health of Plaits, especially of those allied to the Eos4m 
R dwbu found fo the Co# Formation j—Dr. Andrews, Report m the Heat of Combtadcu i 
—Boport of the Committee on the Regietrailon of the Periodic Phenomena of Plants-*»d 
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AntmalsNinth Report of Committee on Experiment* on the Growth and Vitality of Seed* ; 
—P Ronald*, Report concerning the Observatory of the BritUh Association at Kew, from 
Aug 9, 1848 to Sept. 12, 1849,—II. Mallet, Report on the Experimental Inquiry on Railway 
Bar Corrosion ,—- W. R Birt, Report on the Discussion of the Electrical Observation* at Kew. 

Together with the Transactions of the Section*, the Rev T, R Robinson’* Address, and 
Recommendation* of the Association and it* Committees. 


PROCEEDINGS of the TWENTIETH MEETING, at Edinburgh, 

1850, Published at 15i. (Out of Print.) 

Contents —R Mallet, Pint Report on the Fact* of Earthquake Phenomena;—Rev Prof, 
Powell, on Observations of Luminous Meteor*,—Dr, T. Williams, on the Structure and 
History of the British Annelida,—T. C. Hunt, Result* of Meteorological Observation* taken 
at St Michael's from the 1st of January, 1840 to the 3 lit of December, 1849;—R Hunt, on 
the present State of our Knowledge of the Chemical Action of the Solar Radiation*;—Tenth 
Report of Committee on Experiment* on the Growth and Vitality of Seed*,—Major-Gen. 
Briggs, Report on the Abonginal Tribes of India;—P Ronalds, Report concerning the Ob¬ 
servatory of (he British Association at Kew ;— E Forbes, Report on the Investigation of British 
Marine Zoology by means of the Dredge,—ft, MacAndrew, Notes on the Distribution and 
Range in depth of Molluica and other Marine Animals, observed on the coasts of Spain, Por¬ 
tugal, Barbary, Malta, and Southern Laly In 1849, —Prof Allman, on the Present State of 
our Knowledge ol the Freshwater Polyxoa;—Registration of the Periodical Phenomena of 
Plants and Animats;—Suggestions to Astronomers for the Observation of the Total Eclipse 
of the Sun on July 28, 1851 

Together with the Transactions of the Sections, Sir David Brewster** Address, and Recom¬ 
mendations of the Association and its Committees. 

PROCEEDINGS or the TWENTY-FIRST MEETING, at Ipawich, 

1851, Published at 16*. 6d. 

Contents: —Rev Prof Powell, on Observations of Luminous Meteors;—Eleventh Re¬ 
port of Committee on Experiments on the Growth and Vitality of Seed* ;—Dr J Drew, on 
the Climate of Southampton j—Dr. R. A Smith, on the Air and Water of Towns i Action of 
Porous Strata, Water and Organic Matter,—Report of the Committee appointed to consider 
the probable Effect* in sn Economical and Physical Point of View of the Destruction of Tro¬ 
pical Forests j—A Henfrey, on the Reproduction and supposed Existence of Sexual Organa 
fn the Higher Cryptogamou* Plants;—Dr Dtubeny, on the Nomenclature of Organic Com¬ 
pounds,—Rev Dr Donaldson, on two unsolved Problems In Indo-Gennen Philology f— 
Dr. T, Williams, Report on the British Annelida,—R. Mallet, Second Report on the Pacts of 
Earthquake Phenomena;—Letter from Prof. Henry to Col Sabine, on the System of Meteoro¬ 
logical Observations proposed to be established in the United States,—Col. Sabine, Report 
on the Kew Magnatograph* ;—J. WeUh, Report on the Performance of his three Magneto¬ 
graphs during the Experimental Trial at the Kew Observatory ,—P Rom s, Report concei n- 
fng the Observatory of the British Association at K«w, from September 12, 1050 to July 31, 
1851 —Ordnance Survey of Scotland 

Together with the Transactions of the Sections, Prof. Airy’s Address, and Recom¬ 
mendation* of the Association and its Committees. 

PROCEEDINGS or th* TWENTY-SECOND MEETING, at Belfiwt, 

1852 , Published at 15 ** * , 

CoNttNTS i—It. Mallet, Third Report on the Facts of Earthquake Phenomenal—fwalfth 
Report of Committee on Experiments on the Growth and Vitality of Seeds i—Rev. Fret 
Powell, Report on Observations of Luminous Meteors, 1851-52;—Dr. Gladstone, on the In* 
fluence of (ha Solar Radiation* on the Vital Powers of PlantsA Manual of Ethnologies,! 
Inquiry Col. Sykes, Mean Temperature of the Day, and Monthly Fall of Rain at 127 Sta¬ 
tions under (he Bengal Presidency t—Prof. J. D. Forbes, on Experiments on tha Laws of ttyl 
Conduction of Heat;—R. Hunt, on the Chemical Action of the Solar Radiations Hodja*, 
on the Composition and Economy of the Flax Plant;—W. Thompson, on Che Freshwater 
FUhosof Ulster}—W. Thompson, Supplementary Report on the Fauna of Ireland;—W. Wilts, 
on the Meteorology of Birmingham?—J. Thomson, onUt Vortex-Water-Wheel i—J. B. Lawee 
and Dr* Gilbert, on the Composition of Foods in relation ts Respiration a»4 the F red fo g of 
Afthnafe* 

Toge ther with the Transactions of lbs Sedftoos, Cekmei Sabiat’a Address, and Roootu* 
aeeftda tio PQsf the Association and lu C o mm i tt ees. 



PROCEEDINGS of trb TWENTY-THIRD MEETING, at Hull, 
1853, Published at 10*. 6d, 

CONTENTS*—Rev. Prof Powell, Report on Observations of Luminous Meteors, 1852—53 | 
—James Oldham, on the Physical Features of the Humber,—James Oldham, on the Rise, 
Progress, and Present Position of Steam Navigation In HullWillinm Falrbalrn, Experi¬ 
mental Researches to determine the Strength of Locomotive Boilers, and the causes which 
lead to Explosion,—J. J Sylvester, Provisional Report on the Theory of Determinants 
Professor Hodges, M.D , Report on the Gases evolved in Steeping Flax, and on the Composition 
and Economy of the Flax Plant,—Thirteenth Repoit of Committee on Experiments on the 
Growth and Vitality of Seeds,—Robert Hunt, on the Chemical Action of the Solar Radiations; 
—John P Bel), M D., Observations on the Character and Measurements ot Degradation of the 
Yorkshire Coast, First Report of Committee on the Physical Character of the Moon's Sur¬ 
face, as compared with that of the Earth,—R Mallet, Provisional Report on Earthquake 
Wave-Transits, and on Seismomrlrltal Instruments;—William Fairhairn, on the Mechanical 
Properties of Metals as derived from repeated Meltings, exhibiting the maximum point of 
strength and the causes of deterioration ,—Robert Mallet, Third Report on the Facts ot Earth¬ 
quake Phenomena (continued) 

Together with the Transaction* of the Sections, Mr Hopkins’s Address, and Recommenda¬ 
tions of tbe Association and iw Committees, 


PROCEEDINGS of the TWENTY-FOURTH MEETING, at Liver- 
pool, 1854, Published at 18*. 

Contents —R Mallet, Third Report on the Facts of Earthquake Phenomena (continued); 
—Major-General Chesney, on the Construction and General Use of Effluent Life-Boats,—Rtv, 
Prof. Powell, Third Report on the present Stale of our Knowledge ol Radiant Heat,—Colonel 
Sabine, on some of the results obtained at the British Colonial Magnetic Observatories 
Colonel Portlock, Report of the Committee on Earthquakes, with their proceedings respecting 
Seismometers,—Dr Gladstone, on the Influence of the Solar Radiations on the Vital Powers 
of Plants, Part 2;—Rev, Prof Powell, Report on Observations of Luminous Meteors, 1853-54 ; 
— Second Report of the Committee on the Physical Character of the Moon’s Surface j — W G. 
Armstrong, on the Application of Water Pressure Machinery ,—J B Lawes and Dr Gilbert, 
on the Equivalency of Starch and Sugar in Food —Archibald Smith, on'the Deviations of the 
Compass In Wooden and Iron Ships ,—Fourteenth Report of Committee on Experiments on 
the Growth and Vitality of Seeds 

Together with the Transactions of the Sections, the Earl of Harrow by’s Addiess, and Re¬ 
commendations of the Association and Its Committees. 

PROCEEDINGS or the TWENTY-FIFTH MEETING, at Glasgow, 
1855, Published at 1 5t. 

Content* —T. Dobson, Report on the Relation between Explosions in Coal-Mines and 
Revolving Storms,—Dr Gladstone, on tbe Influence of ihe Solar Radiations on the Vital Power* 
of Plants growing under different Atmospheric Conditions, Part 3,—C. Spence Bate, on th* 
British Edriophthalma;—J F. Bateman, on the present state of our knowledge on the Supply 
of W iter to TownsFifteenth Report of Committee on Experiments on the Growth and 
Vitality of Seeds ,—Rev Prof. Powell, Report on Observations of Luminous Meteors, 1854-55 j 
—Report of Committee appointed to ^inquire into the best means of ascertaining those pro¬ 
perties of Metal* and effect* of various modes of treating them which are of Importance to the 
durability and efficiency of Artillery,—Rev Prof Henilow, Report on Typical Object* In 
Natural History}—A. Follett Osier, Account of tbe Self Registering Anemometer and Bain- 
Gauge at tba Liverpool Observatory f—Provisional Reports 

Together with the Transactions of the Sections, the Duke of Argyll 1 * Address, and Recon:* 
■tendation* of tha Association and it* Committees. 


PROCEEDINGS or the TWENTY-SIXTH MEETING, at Chel¬ 
tenham, 1856, Published at 18*. 


Contents t—Report from tha Committee appointed to Investigate and report upon the 
effects produced noon the Channels of the Mersey by the alterations which wltbin the last 
Aft y yean have b mi mad* in Us Banks;—J. Thomson, Interim Report on progress fp Re¬ 
searches on the Measurement off Water by Wair Boards;—Dredging Report, Frith of Clyde. 
1866 1 —Rev, B. Powell, Report on Observation* of Luminous Meteors, 1855-1856;—ProC 
Bunsen and Br. H. E. Resect, Photochemical Researches t—Rev. James Booth, on the Trigo- 
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on the Mtrine Testaceous Moltuaca of the North-eahi Atlantic and Neighbouring Seas, and 
the physical condition* affecting their development}—1\ P Carpenter, Report on the present 
state of our knowledge with regard to the Mollusca of the Went Coast of Noith America,— 
T. C Eyton, Abstract of 1* irst Report on the Oyster Beds and Oysters of the British Shore*} 
—Prof Phillips, Report on Cleavage and Foliation In Rocks, and on the Theoretical Expla¬ 
nations of tlieoe Phenomena Part J, ,*—Dr T Wright on the Stratigraphies! Distribution of 
the Oolitic EcInnodermate ,—W. F&irbalrn, on the Tensile Strength ot Wrought Iron at various 
Temperatures [—C Atherton, on Mercantile Steam 1 ranspurt Economy J S Bowerbauk,on 
the Vital Powers of the Spongiadra,—Report of & Committee upon the Experiments conducted 
at Stormomfield, near Perth, lor the artificial propagation of Salmon ,—Provisional Report on 
the Measurement of Ships for Tonnage —On Typical Form* of Mmeials, Plants ami Animal* 
for Museums J. Thomson, Interim Report on Progress in Resiurchei on the Measure¬ 
ment of Water by Weir Boards*,— R Mallet, on Observations with the Seibinometer ,— A, 
Cayley, on the Progress of Theoretical Dynamics ,— Report of a Committee appointed to con¬ 
sider the formation of a Catalogue of Philosophical Memoirs 

Together with the Transactions of the Sections, Dr. Daubeny’s Address, and Recom¬ 
mendations of the Association and its Committees. 


PROCEEDINGS of the TWENTY-SEVENTH MEETING, at 


Dublin, 1857, Published at 15*. 


Contents —A Cayley, Report on the Recent Progress of Theoretical Dynamics ;—SIll 
teentli and final Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
—James Oldham, C E , continuation of Report on Steam Navigation at Hull,—Report of a 
Committee on the Delecti of the present methods of Measuring and Registering the Tonnage 
uf Shipping, as also of Marine Engine-Power, and to frame more perfect rules, In order that 
a correct and uniform principle may be adopted to estimate the Actual Currying Capabilities 
and Working-Power of Steam Ships {—Robert Were Fox, Report on the Temperature of 
some Deep Mines in Cornwall f—Dr. C. Plarr, De quelquea Transformations de la Somme 
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a £tant entier ntSgatif, et de queiquei cas dans lesquels celte aoronie 


eat exprlmable par une combinaleon de factorieiles, la notation a^ + i d&dgnant le produit dea 
/ facteurs a (a+1) (a-}-2) &c . (a-f/— 1),— *G Dickie, M D , Report on the Marine Zoology 
of Strangford Lough, County Down, and corresponding part of the Irish Channel,—Charles 
Atherton, Suggestions for Statistical Inquiry into the extent to which Mercantile Steam Trsns- 

E >rt Economy is affected by the Constructive Type of Shipping, as respect* the Proportions of 
engtli, Breadth, and Depth,—J S Bowerhank, Further Repoit on the Vitality of the Spon- 
giadse ;—John P. Hodges, M.D., on Flax;—Major General Sabine, Report of the Committee 
on the Magnetic Survey of Great Britain;—Rev Baden Powell, Report on Observations of 
Luminous Meteors, 1856-57 ;—C.Vignoles, C E.,on the Adaptation of Suspension Bridges to 
sustain the passage of Railway Trains;—ProfeisorW. A Miller, M.D.,on Electro-Chemistry \ 
—John Simpson, R.N , Results of Thermtimctrhal Observations made at the * Plover’s' 
Wintering-place, Tolnt Barrow, latitude 7 1° 21' N , long 156° \V W , in 1852-54 {—Charles 
James Hargreave, LL D., on the Algebraic Couple; and on the Equivalents of Indeterminate 
Expressions,—Thomas Grubb, Report on pie Improvement of Telescope and Equatorial 
Mountings,—Professor James Buckman, Report on the Experimental Plots iu the Botanical 
Garden of the Royal Agricultural College at Cirencester ,—W illiam Fairbalm, oq the Resistance 
of Tubes to Collapse j—George C H) ndman, Report of the Proceeding* of the Belfast Dredging 
Committee t—Peter W. Barlow, on the Mechanics] Effect of combining Girders and Suspen¬ 
sion Chains, and a Comparison of the Weight of Metal in Ordinary and Suspension Girders, 
to produce equal deflections with a given load,—J Park Hamson, M A , Evidences of Lunar 
Influence on Temperature {—Report on the Animal and Vegetable Products Imported into 
Liverpool from the year 1851 to 1855 (inclusive) ;—Andrew Henderson, Report on the Sta¬ 
tistics of Life-boats and Fishing-boats on the Coasts of the United Kingdom. 

Together with the Transactions of the Sections, Rev. H, Lloyd’s Address, and Recommen¬ 
dations of the Association and its Committees. 


PROCEEDINGS of the TWENTY-EIGHTH MEETING, at Leeds, 
September 1858, Published at 20*. 

Contents' —R Mallet, Fourth Report upon the Facts and Theory of Earthquake Phe¬ 
nomena j— ReT. Prof. Powell, Report on Observations of Luminous Meteors, 1857-58 {—R. 1L 
Meade, on some Points in the Anatomy of the Arancidea or true Spiders, especially on tho 
Interna) structure of their Spinning Organs;—W. Fair bairn, Report of the CommRteo on tie 
Parent Lowsp—S. Eddy, on tho Lead Mining Districts of Yorkshire j-^W. Fairbalm, on the 
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Collapse af GItsi Globes and CylindersDr E Perceval Wright and Prof. J Reay Greene* 
Report on the Marino Fauna of the South and West Coast* of Ireland ,—Prof. J. Thomson, on 
Experiments on the Measurement of Water by Triangular Notches In Weir Boards,—Major- 
General Sabine, Report of the Committee on the Magnetic Survey of GreAt Britain,—Michael 
Connal and William Keddie, Report on \mmal, Vegetable, and Mineral Substances imported 
from Foreign Countries into tho Clyde (including the Ports of Glasgow, Greenock, and Port 
Glasgow) in the years 1853, 1854,1855,1856, and 1857 Report of the Committee on Ship¬ 
ping Statistic**,—Rev H Lloyd, D D , Notice of the Instrument* employed in the Mag¬ 
netic Survey of Ireland, with some of the KcsuBb,—P rof J R Kinahan, Report of Dublin 
Dredging Committee, appointed 1857-58,—Prof J R Kinahan, Report on Crustacea of Dub¬ 
lin District,—Andrew llemlcrson, on River Steamers, ihtir Form, Construction, and Fitting), 
with reference to the necessity tor improving the present mean* ot Shallow-Water Navigation 
on the Rivers of British India,—George C Hyndman, Report of the Bi Ifust Dredging Com¬ 
mittee;— \ppenditto Mr VignoliVs paper “ On the Adaptation of Suspuibion Bridge* to sus¬ 
tain the passage of Railway Trains—Report of the Joint Committee of the Royal Society and 
the British Assoi i ition, for proem mg a continuance of the Magnetic and Meteorological Ob¬ 
servatories,—R Hecktcy, Description ot a Sell-recording Anemometer, 

Together with the Transactions of the Sections, Prof Owen’s Address, and Recommenda¬ 
tions ot the Association and it* Committee* 

PROCEEDINGS of tiik TWENTY-NINTH MEETING, at Aberdeen, 

September 1859, Published at 15*. 

Contents i—G eorge C Foster, Preliminary Report on the Recent Progress and Present 
State of Organic Chemistry j—Professor Buckmau, Report on the Growth of Plunts in the 
Garden of the Royal Agricultural College, Cireniesier,—Dr A Voeicker, Report on Field 
Experiments and Laboratory Researihes on the Constituents of Manures essential to cultivated 
Crops A. Thomson, Esq , of Banchory, Report on the Aberdeen Industrial Feeding Schools; 
—On the Upper Silurians of Lcimahago, Lanarkshire ,—Alphonse Guges, Report on the Re¬ 
sult* obtained by the Mechanlco Chemical Examination of Rocks and Mineral* j—William 
Fairbmrn, Experiments to determine the Efficiency of Continuous and Seif acting Breaks ior 
Railway Trains,—Professor J. R Kinahan, Report of Dublin Bay Dredging Committee Iot 
1858-59,—Rev Baden Powell, Report on Observations of Luminous Meteors for 1858-59; 

•—Piofessor Owen, Report on a Series of Skull* of various Tribes of Mankind Inhabiting 
Nepal, collected, and presented to the Brin*h Museum, by Bryan II Hodgson, Esq ,late Re¬ 
sident In Nepal, &c, &c ;—Messrs. Maskelyne, lladow, Hardwick, and Llewelyn, Report on 
the Present State of oar Knowledge regarding the Photographic linage;—G C. Hyndman, 
Report of the Belfast Dredgfng Committee for 1859; —James Oldham, Continuation of Report 
of the Progress of Steam Nuvigauon at HullCharles Atherton, Mercantile Steam Trans, 
port Economy as affected by the Consumption of Coals;—Warren de la Rue, Repott on the 
present state of Celestial Photography in England Professor Owen, on the Order* of Fowl! 
and Recent Reptilla, and their Distribution in Time ;—Balfour Stewart, on some Results of the 
Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the request of the 
British Association, by the late John Welsh, Esq , F R,S.W Fairbairn, The Patent Laws: 
Report of Committee on the Patent Laws,—J Park Harrison, Lunar Influence on the Tem¬ 
perature of the Air,—Balfour Stewart, an Account of the Construction of the Self-recording 
Magnetographs at present In operation at the Kew Observatory of the British Association- 
Prof. II. J Stephen Smith, Report on the Theory of Numbers, Part L j—Report of tho 
Committee on Steamship perfoimance;—Report of the Proceedings of the Balloon Committee 
of the BritUh Association appointed at the Meeting at LeedsProf. William K. Sullivan, 
Preliminary Report on tho Solubility of Salts at Temperatures above 100° Cent., and on tha 
Mutual Action of Salts in Solution. 

Together with the Transactions of the Sections, Prince Albert’s Address, and Recommenda¬ 
tion* of the Association and Its Committees, 

PROCEEDINGS of the THIRTIETH MEETING, at Oiford, Jo«« 
and July I860, Pubkthedat 15*. 

Contents i—Jamei GlaUber, Report on Observations of Luminous Meteors, 185l*-flOr*- 
J. R. Kinahan* Report of Dublin Bay Dredging Committee,—Rev J Anderson, Report on 
the Excavations Incurs Den j—Professor Buckman, Report on the h xperimentsl Plots in the 
Botanical Garden ot the Royal Agricultural College, Cirencester;—Rev. R. Walker, Report of 
the Committee on Balloon Ascentst—Prof, W. Tbomaon, Report of Committee appointed to 
pr^nere a Self-recording Atmospheric Elertrometer for Kew, and Portable Apparatus for ob- 
nerving Atmospheric Electricity WllHam Fairbairn, Experiments to determine the BfflWt ( it 
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Vibratory Action ami long continued Change* of Load upon Wroughl-lron Girder* ;—It P. 
Greg, Caul gut of Meteorite-* and l ireb ill-* from A f» 2 to a d 1800,—Prof H J S Smith, 
Report on the 1 heorv i f Number*, Part II —-Vice Admiral Monrsom, on the Performance of 
Veum vt-*m K, the l unit! n» of the Screw, and the Kcl itinnn nflts Di muter and Pitch to the 
Porn of the Ve«atl,—lit v VV V II iriourt, Report on the Lffect;* of long-continued Heat, 
111 lucrative of Geologic d Plienomen i'Second Report of the Committee on Steamship Per¬ 
formance —Interim Rej ort on the Gauging of Water b> Tmngulor Notches ,—hast of the 
British Uannc ImeittbriR I auna 

Together with the l rtnsictioiu of the Sections, Loid Wrottesley a Address, and Recom¬ 
mendations of the Association and its Committees 

PROCEEDINGS of tup lHIRT\-F[RSr MEE TING, at Manches¬ 
ter, Siptembei I SGI, Published at £1. 

Contents —Junes Glnishtr Ripoit on Oh trvitions of Luminous Meteors Dr E. 
Smith, llep rt oi the \ction of Prison Ditt ami Discipline on the Hoddy 1 unctions of Pri¬ 
soner* Pirt \ —Cl at Its Atherton, on I reight as affected by DitkrLnces in the Dynamic 
Properties of stc tiislups ,—Wairen De U Rue Report on the Pr gits* of Celestial Photo¬ 
graphy since the \herdeen Met ting —R Stewart on the lliemy if I xchanges, and its re¬ 
cent ex ten in —l)rs I Schunik R At giu Smith and H F Uoscoe in the Recent Pro¬ 
gress and Present Condi turn of M mufat luring ChemMry Hi the Sou h l tmea'dure District 
Dr J Hunt on I thi o Climitiligy oi the Acclim ttiz itton of Man —Prof I Thomson, on 
I xperiments on the G mging of VV ate r by Tuuigtil tr Notches —Dr A Voelcker, Report on 
hield I xprrm i nts and 1 ihoMtor\ Kp^emchcs on the C m stiti ci ts i f Munmes essei tmd to 
cultivated Cr ps —Prof II Hennery Provision il Hi pint on the Present State of our Know¬ 
ledge respecting the 1 ran^muston oi Sound siguaN during bogs at Sea —Dr P I Stlwler 
nnd F von llnih&tetlcr Report on the Picker t State of our Knowledge of the Bird* ot the 
Genus Apteiyx living m New 7tilinrf —J G Jeffreys, Kej ort of the Results of Deep sea 
Dredging in Zetland with a Notice of several Species of Molhucn mw to Science or to the 
British Isln, — Prof J Phillips, Coutril utions to a Repint on the Physical Aspect of the 
Moon,—W R Birt Contribution to a Report on the Physic M Aspect of the Moon,— Dr. 
Collingwood and Mr Byerley, Prehn inaiy Report of the Dredging Cmumlttie of the Mersey 
and Dee —I bird Report of the Committee on Stcamhlnp Ptrformance —J O JeffVey*, 
Preliminary Report on the Best Mode »l preventing the Riv iges of Teredo and other Annual* 
m our Ships and Harbours —R Mullet Repi rt on the I xperimei ts mide at Holyhead to 
ascertain the Transit-Vi louty of Waves an dogous to 1 nithquike Wave* through the local 
Rock lorrnahoin —I Dobson on the I xplosious in British Coal Mines during the year 1859| 
—J Oldham Contir u ition of Report on Steam Navig'Uion at Hull — Professor G Dickie, 
Brief Summary of a Report on the Flora of the North ot Ireland ,—Profeaaor Owen, on the 
Psychical and Physical Character:* of the Mincopies, or Natives of the Andaman Islands,and 
on the Relation* thereby indicated to othc r Races of Mankind —Coloni 1 Sykes, Report of the 
Balloon Committee Major-General Sabine, Repoit on the Hepetilion of the Magnetic Sur¬ 
vey of England —Interim Report of the Con miMct for Dredging on the North and 1 a*t 
Coasts of Scotlar d —W bairbairn on the Risistance of Trim Plates to Statical Pressure and 
the Force of Impact by Project les Rt High Velocities —W . Fmrhuirn Continuation of Report 
to determine the effect ot Vibratory Action and long continued Changes of Load upon 
Wrought-lron Gliders,—Re} ort of the Committee on the Law of PatentsProf H. J 3 
Smith, Report on the Theory of Numbers Part III 

1 ogetlier with the Transactions of the Sections, Mr Fanbairn’s Address, and Recommen¬ 
dations ol the Association and Its Committees 

PROCEEDINGS of the THIRTY-SECOND MEETING, at Cam¬ 
bridge, October 1862, Published at £ 1. 

C 0 NTRNT 8 —James Glaisher, Report on Observations of Luminous Metadr*, 1861-62;— 
O. B. Airv, on the Strains in the Interior of BeamsArchibald Smith and F J. Evans, 
Report on the three Reports of the Liverpool Compass Committee ,—Report on Trdal Ob¬ 
servations on the Dumber,— 1 Aston, on Rifled Guns and Projectiles adapted for Attacking 
Armour-plate Defences Extracts relating to the Observatory at Kew f from a Report 
presented to tbe Portuguese Government, by Dr J A de Sente;— H T Mennell, Report 
on the Dredging of the Northumberland Coast and Dogger Bank j—Dr Cuthbert Colling- 
wood, Report noon the best meant of advancing Science through the agency of the Mercan¬ 
tile Marine,—Messrs Williamson, Wheatstone, Thomson, Miller, Matthiessen, and Jeokm, 
Provisional Report on Standards of Electrical Resistance-Preliminary Report of tbe Com¬ 
mittee for inmug ting the Chemical and Mineralogies! Composition, of the Granites of Do- 



XU 


nega!Prof H, Hennetsy, on the Vertical Movement* of the Atmosphere considered in 
connexion with Storm* and Change* of Weather Report of Committee on the application 
of Gauw'i General Theory of Terre*trial Magnetism to the Magnetic Variation* Fleeming 
Jenkm, on Thermo-electric Currents in Circuits of one Metal,—W. Fairbairn, on the Me¬ 
chanical Properties of Iron Projectiles at High Velocities—A Cayley, Report on the Pro- 
grets of the Solution of ceTtam Special Problems of Dynamic*,—Prof G G Stokes, Report 
on Double Refraction ,—Fourth Report of the Committee on Steamship Performance 
G J. Symons, on the Fall of Rain in the British Isles in I860 and 1861 J. Ball, on Ther- 
mometric Observation* in the Alps,—J G. Jeffrey*, Report of the Committee for Dredging 
on the N. and E. Coast* of Scotland Report of the Committee on Technical and Scientific 
Evidence in Courts of Law ,—James Glauber, Account of Eight Balloon Ascents in 1862 ,— 
Prof. H. J. S Smith, Uejiort on the Theory of Number*, Part IV. 

Together with the Transactions of the Section*, the Rev Prof. R. Willis'* Address, and 
Recommendations of the Association aud it* Committees. 

PROCEEDINGS or me THIRTY-THIRD MEETING, at New¬ 
castle- upon -Tyne, August and September 1863, Published at £ 1 5j. 

Contents! —Report of the Committee on the Application of Gun-cotton to Warlike Pur¬ 
poses;—A Matthiessen, Report on the Chemical Nature of Alloys;—Report of the Com¬ 
mittee on the Chemical and Mineralogical Constitution of the Granite* of Donegal, and on 
the Rock* associated with them;—J G Jeffreys, Report of the Committee appointed for 
Exploring the Coasts of Shetland by means of the Dredge;—G. D. Gibb, Report on the 
Physiological Effect* of the Bromide of Ammonium ,—C K Aken, on the Transmutation of 
Spectral Rays, Part I Dr Robinson, Report of the Committee on Fog Signals,—Report 
of the Committee on Standard* of Electrical Resistance ,— E Smith, Abstract of Report by 
the Indian Government on the Foods used by the Fieo and Jail Populations in India;—A. 
Gages, Synthetical Researches on the Formation of Minerals, &c j—R. Mallet, Preliminary 
Report on the Experimental Determination of the Temperatures of Volcanic Foci, and of the 
Temperature, State of Saturation, and Velocity of the issuing Gases and Vapours ;—Report 
of the Committee ou Observations of Luminous Meteor*,— hifth Report of the Committee 
on Steamship Performance,—G J Allman, Report on the Present State of our Knowledge 
of the Reproductive Sjstem m the Hydroida;—J Glaisher, Account of Five Balloon Ascent* 
made in 18G3;—P. P Carpenter, Supplementary Report on the Present State of our Know, 
ledge with regard to the Mollusca of the We*t Coast of North America;—Prof»**or Airy, 
Report on Steam-boiler Explosions,—C. W. Siemens, Observations on the Electrical Resist, 
ante and Electrification of some Insulating Materials under Pressures up to 300 Atmo¬ 
spheres;—C. M. Palmer, on the Construction of Iron Ship* and the Progress of Iren Ship¬ 
building on the Tvne, Wear, and Tee*,—Messrs Richaidson, Stevenson, and Clapham, on 
the Chr udea! Manufactures of the Northern District*,—Messrs. Sop with and Richardson, 
on the Local Manufacture of Lead, Copper, Zinc, Antimony, Ac ,—Messrs, Dagtish and 
Forster, on the Magnesian Limestone of Durham I L Bell, on the Manufacture of Iron 
In connexion with the Northumberland and Durham Coal-fieldT. Spencer, on the Manu¬ 
facture of Steel in the Nonhern District,—H J. S Smith, Report on the Theory of Num¬ 
ber*, Part V. 

Together with the Transactions of the Sections, Sir William Armstrong's Address, and 
Recommendation* of the Association and it* Committee*. 

PROCEEDINGS of the THIRTY-FOURTH MEETING, at Bath, 
September 1864-, Pubhshed at 185. 

Contkkt* i—Report of the Committee for Observations of Luminous MeteorsReport 
of the Committee on the beat mesna of providing for a Uniformity of Weights and Mea¬ 
sures;—T. S Cobbold, Report of Experiments respecting the Development and Migration 
of the Entozoa;—B W Richardson, Report on the Physiological Action of Nitrite of Amyl; 
—-J Oldham, Report of the Committee on Tidal ObservationsG. S. Brady, Report on 
Uecp.sea Dredging on the Coasts of Northumberland and Durham in 1804;—J. Glauber, 
Account of Nine Balloon Ascents made in 1863 and 1864;—J G. Jeffreys, Further Report 
on Shetland Dredging*;—Report of the Committee on the Distribution of the Organic 
Remain* of the North Stsffordshire Coal-fieldReport of the Committee on Standards of 
Electrical Resistance r—0 J- Symons, on the Fall of Rain in the British Islet In 1962 and 
1863W. Fairbairn, rrehmlnary Investigation of the Mechanical Properties of the pro¬ 
posed Atlantic Cable. 

Together with the Transitions of the Sections, Sir Charles Lyell'i Address, and Recom¬ 
mendation* of the Association and its Committees. 



PROCEEDINGS of the THIRTY-FIFTH MEETING, at Birming¬ 
ham, September 1865, Published at £l 5s, 

Contents —J 0 Jeffrey*, Report on Dredging among the Channel Isle*,—F. Dockland, 
Report on the Cultivation of Oyster* by Natural and Artificial Methods,—Report of the 
Committee for exploring Kent's Cavern ;—Report of the Committee on Zoological Nomen¬ 
clature;—Report on the Distribution of the Organic Remaiui of the North Staffordshire 
Coal-field ,—Report on the Marino Fauna and Flora of the South Coast of Devon and Corn¬ 
wall ,—Interim Report on the Resistance of Water to Floating and Immersed Bodies,—Re¬ 
port on Observation* of Luminous Meteors Report on Dredging on the Coast of Aberdeen¬ 
shire ,—J Glaisher, Account of Tlree Balloon Ascents;—Interim Report on the Transmis¬ 
sion of Sound under Water ,—G J Symons, on the Rainfall of tho British Isles*—W Fair- 
bairn, on the Strength of Materials considered in relation to the Construction of Iron Ships; 
—Report of the Gun-Cotton Committee;—A V. Osier, on the Horary and Diurnal Variations 
in the Direction and Motion of the Air at Wrottealey, Liverpool, and Birmingham ,—B W. 
Richardson, Second Report on the Physiological Action of certain of the Amyl Compounds; 
—Report on further Researches in the Lingula-flags of South Wales,—Report of the Lunar 
Committee for Mapping the Surface of the Moon ;—Rejiort on Standards of Electrical Re¬ 
sistance,—Report of the Committee appointed to communicate with the Russian Govern¬ 
ment respecting Magnetical Observations atTiflis ,—Appendix to Report on the Distribution 
of the Vertebrate Remain* from the North Staffordshire Coal-field,— H Woodward, First 
Report on the Structure and Classification of tho Fossil Crustacea ,—H J. S Smith, Report 
on the Theory of Numbers, Part VI ,—Report on the best means of providing for a Unifor¬ 
mity of Weights and Measures, with reference to the interests of Science,—A G. Findlay, 
on the Bed of the Ocean,—Professor A W. Williamson, on the Composition of Gases 
evolved by the Bath Spring called King's Bath. 

Together with the Transactions of the Sections, Professor Phillip*'* Address, and Recom¬ 
mendations of the Association and its Committees. 


PROCEEDINGS of the THIRTY-SIXTH MEETING, at Notting¬ 
ham, August I860, Published at A Cl 4* 

Contents —Second Report on Kent’s Cavern, Devonshire,—A Matthiessen, Preliminary 
Report on the Chemical Nature of Cast IronReport on Observations of Luminou* Meteors; 
—W S Mitchell, Report on the Alum Bay Leaf-bed j—Report on the Resistance of Water 
to Floating and Immersed Bodies,—Dr. Norna, Report on Muscular Irritability; — Dr 
Richardson, Report on the Physiological Action of certain compounds of Amyl and Ethyl,— 
H. Woodward, Second Report on the Structure and Classification of the Fossil Crustacea 
Second Report on the 11 Mcncvian Group," and the other Formations at St, David's, Fern- 
brokeshire,—J.G. Jeffreys, Report on Dredging among the Hebrides,—Rev. A M Norman, 
Report on the Coasts of the Hebrides, Part 11 j—J. Alder, Notices of some Iuvertebrata, in 
connexion with Mr Jeffreyi’s Report,—G. S Brady, Report on the Oitracoda dredged 
amongst the HebridesReport on Dredging in the Moray Firth,—Repoiton the Transmit- 
siou of Souud-Sign&U under WaterReport of the Lunar CommitteeReport of the 
Rainfall CommitteeReport on the best means of providing for a Uniformity of Weights 
and Measure*, with reference to the Interest* of Science j—J Glaisher, Account of Three Bal¬ 
loon Ascent* -Report on the Extinct Bird* of the Mascarene Island*,—Report on the pene¬ 
tration of Iron-clad Ships by Steel Shot,—J. A. Wanklyn, Report on Isomerism among the 
Alcohols t—Report on Scientific Evidence In Court* of Law,—A L. Adams, Second Report 
on Maltese Fosslliferous Caves, Ac 

Together with the Transaction* of the Section*, Mr. Grove's Address, and Recommendations 
of the Association and its Committees. 


PROCEEDINGS of the THIRTY-SEVENTH MEETING, at 
Duudee, September 1867, Publtshed at £1 6*. 

Content* Report of the Committee for Mapping the Surface of the Moon *—•'Third 
Report on Kent's Cavern, Devonshire,—On the present State of the Manufacture of Iron 
In Great Britain;—Third Report on the Structure and Classification of tbe Fossil Crustaceay 
—-Report on tbr Physiological Action of the Methjl Compound*Preliminary Report on 
the Exploration of tbe Plant-Beda of North Greenland *—Report of tbe Steamship Perform¬ 
ance CommitteeOn the Meteorology of Port Louis in the Island of Mauritius*—On the 
Construction and Works of the Highland Railway {—Experimental Researches on the Me- 
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chanlcal Properties of Steel,—Report on the Marine Fauna ami Horn of the So ith Coast of 
Devon i» <1 l 011 wall,—Suj plemci t to a Repou on the 1 \tinU Did ne Birds of the Masca- 
rene Island — Report ou Obseivutious of Luminous Meteors,—Fouith Report on Dredging 
among the Shetland Isles,—Preliminary Report on the Crustacea, At, procured bv the 
Shetland Dredging Committee in I8b7 ,—Report on the loranmufcra obtained in the Shet¬ 
land Seas,—Second Report of the Runfrill Committee —Report on the hc*t means of 
providing for a Uniformity of Weights and Measures, with reference to the Interests of 
Scjchlc,— lit port on Standards of Llcurual Resistame 
Together with the Transactions of the Sections, and Recommendations of the Association 
and its Committees 


PROCEEDINGS of rm THIRTY EIGHTH MEETING, at Nor¬ 
wich, August 1HG8, Published at £1 5s 
Contents —Report of the I miar Committee,—Fourth Report on Kent's Cavern Devon¬ 
shire,—On Puddling lion,—fourth Report on the structure and ( lissificotion of the 
Fossil Crustacea,—Report on British Fossil Corals,—Report on Spectroscopic Investigations 
of Animal Substances, Re|>ort of Steamship Performance Committee —Spectrum Analysis 
of the Heavenly Bodies, On Stellar Spectrometry , —Report on the Physiological Action of 
the Methyl and allied Compound* —Report on tlie \ition of Mircury on the Biliary 
Secretion ,—! ast Report on Dredging among the Shetland Isles, R( ports on the Cmstaeea, 
&c, and on the Annelida mid horammifera from the Shetland Bridgings, Report on the 
Chemical Nature of C ast Iron Part I , Interim Report on the buhty of Mcichaut Ships 
and their Passengers Report on Observations of I minimus Meteors —Piehminary Report 
on Mineral Veins containing Organic Remains Report on the desirability of f xplorations 
between India and China, Report of Rainfall Committee, Rrport on Sjnthetical Re¬ 
searches on Organic Acids , Ripmton l mb runty of W eights and Me isures ,—Repoitofthe 
Committee oil 1 idal Observations —Report of the C omraitteeon Undu ground leruperature, 
—Changes of the Moon s Surface , Rc|>ort on Poll atomic C vamdes 

Together with the Transactions of the Sections Dr Hooker t Address, and Recommenda¬ 
tions of the Association and its Committees 


PROCEEDINGS of Tin THIRTY-NINTII MEETING, at Exeter, Au¬ 
gust 1859, Published at £1 2s 

Contents —Report on the Plant beds of North Crcenhnd1Report on the existing 
knowledge on the Stability PropuUion, and Sea going Qualities of Ship* — Report on 
Steam-boiler Explosions, Preliminary Report on the Determination of the Cases existing 
in Solution in 'Well-waters —The Pressure of Taxation ou Real Propci tj ,—On the Che¬ 
mical Reactions of Light discoveied by Prof Tyndall,—On Fossils i Stained at hiltOTkan 
Quarry, co Kilkenny, Report of the lunar Committee,—Rt port on the Chemical Na¬ 
ture of Cost Iron —Report on the Marine Fauna and Hora of the south coast of Devon 
and Cornwall,—Report on the Practicability of establishing 44 a Close Time" for the Protec¬ 
tion of Indigenous Animals,—Experimental Researches on the Mechanical Properties of 
Steel,—Second Report on British Fossil Cora’s,—Report of the Committee appointed to 
get cut and prepared Sections of Mountain limestone Corals for Photographing,—Report on 
the rate of Increase of Underground Temperature,—Fifth Report on Kents Cavern, De¬ 
vonshire,—Report on the Connexion between Chemical Constitution and Physiological 
Action On Emission, Absorption and Reflection of Obscure Heat —Rtyort on Obser¬ 
vations of Luminous Meteors —Report on Uniformity of Weights and Measures,—Report on 
the Treatment and Utilization of Si wage , —Supplement to Second Report of the Meam- 
ahip-Performanc© Committee ,—Report on Recent Progress in Elliptic and Hypcrellittlc 
Functions,- Report on Mineral Veins in Carboniferous Limestone and their Organic Coo- 
tents,—Notes on the ForamhufeTa of Mineral Veins and the Adjacent Strata,—Report of 
the Runfall Committee ,—Interim Report on the Laws of the Flow and Action of Water 
containing Solid Matter in Suspension —Interim Report on AgncuUural Machinery,— 
Report on the Physiological Action of Methyl and Allied Sene*,—On the Influence of 
Form considered in Relation to the Strength of Railway-axles and other portions of Machl- 
ner> subjected to Banj \ Alterations of Strain ,—On the Penctiation of Armour-plates with 
Long Shells of Large Capacity fired obliquely —Report on SUndardsof Electrical Resistance, 

Together with the Transactions of the Sections, Prof Stokes's Address, and Becom- 
mendatfont of the Association and its Committees. 
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PROCEEDINGS of the FORTIETH MEE'IJNG, at Liverpool, Septem- 
ber 1870, Published at 18* 

Contents —Report on Steam boiler Explosions,—Report of the Committee on the 
Haematite Iron ores of Great Rnttiln and Ireland , Report on the Sul mental v Pej outs of 
the River Onnv —Report on the tliemicRl Nature of Cast Iron —Report on the practica¬ 
bility of establishing * A Close Tunc” for the piotectirn of Jmli^enoi * Animals,—Report 
on Standards of 1 ktlncal Resistance,— Sixth Report ou Kent s Cavern - Third Uepoit on 
Underground TemperatureSecond Report of the Committee appointed to get cut m d 
prepared Section! of Mountain Lnnoutone Corals,—Second Report on the Stability, Pro¬ 
pulsion, and Sea going Qualities of Ships,— Report on Earthquakes in Scotland,—Rqnrt 
on the Treatment and Utilization of Sewage,—Report on Ohbeiyatmns of Lununout> Me¬ 
teors, 1869-70, —Report on Recent Progress in Elliptic and Il\perclbptic Fumuons,— 
Report on Tidal Observations,—On a new Steam power Meter —Report on the Action of 
the Methyl and Allied Strirs ,—Report of the Rainfall Committee,—Report on tin Heut 
generated in the Blood in the process of Artcnaluation ,—Hcpoit on the best means of 
providing for Uniformity of \N eighu and Measures 

Together with the TrausactionH of the Sections, Prof Huxley’s Address, and Recommen¬ 
dations of the Association and its Committees. 

PROCEEDINGS of thf TORTY-HRST MEETING, at Edinburgh, 

August 1871, l*ubhdied at U>s 

Content* —Seventh Report on Kent s Cayern ,—Fourth Report on Underground Tem¬ 
perature,—Report on Observations of Luminous Meteora 1870 71 —Fifth Riport on the 
Structure and Classification of the Fossil Ciustacea Report for the purpose of urging on 
Her Majesty’s Government the expediency of arranging and tabulating the results of the 
approaching Census in the three several parts of the United Ku gdora in such a manner ns 
to admit of ready and effective comparison;—Repot t for tho purpose of Siqwnntendmg the 
publication of Abstracts of Chemical papers,— Report of the Committee for discussing 
Observations of lunar ObjectB suspected of change, Second Provisional Report on tn« 
Thermal Conductivity of Metals,—Report on the Rainfall of the British Isles,—Third 
Report on the British FobbiI Corals Rtport on the Heat generated in the Bliod during the 
process of Arterialization ,—Report of the Committee appointed to conuder the subject of 
physiological Experimentation Report on the Physiological Action of Organic C liftmen l 
Compounds,—Report of the Committee appointed to get cut and prtpari d Seciions of 
Mountain Limestone Corals,—Second Report on Steam Uoder ExplosionsRtpcrt on (he 
Treatment and Utilisation of Sewage —Report on promoting the Foundation of Zoological 
Stations in different parts of the World ,—Preliminary Report on il e Iheimal Equivalents of 
the Oxides of Chlorine Report on the prscticahiht) of estabhshn g a Close Time” for 
the protection of Indigenous AnimalsReport on Earthquakes in Scotland, Report on 
the best means of providing for a Uniformity of Weights and Measures,—Report on Tidal 
Obtervationi 

Together with the Transactions of the Sections Sir William Thomson’s Address, and 
Recommendations of the Association and its Committees 

PROCEEDINGS pi tip FORTY-SECOND MEETING, at 
Brighton, August 1872j l %0(fohed at £1 is 

Contents —Report on the tatassian Constants for the Year 1829 ,—Second Supplemen¬ 
tary Report on the Extinct Birds of the Msscarene Islnnds,—Report of Lhe Committee for 
Superintending the Monthly Reports of the Progress of Chemistry —Report of the Com¬ 
mittee ou the beet means of providing for a Uniformity of Weights and Measures Lighth 
Report on Kent's Cavern;—Report on promoting the Foundation of Zoological Stations m 
dmrent parts of the WorldFourth Kepoit on th^ Fauna of South DevonPrehminaiy 
Report of the Committee appointed to Construct and Print Cataloguer of Spectial Hava 
arranged upon a Scale of Wave-numbersThird Report-on Stesm-Botlei Explosions ,— 
Report on Observations of Luminous Meteors, 1871-72,—Experiments on the Surface- 
friction experienced by a Plane moving through water,—Report of tlw Committee on tbe 
Antagonism between the Action of Active Substances}—Fifth Report on Underground 
Temperature,—Preliminary Report of tbe Committee on Siemens’s Electrical-Resistance 
PyrometerFourth Report on the Treatment and Utilisation of StwAge,—Interim Report 
of the Committee on Instruments for Measuring the Speed of Ships and Currents,—Report 
on the Rainfall of the British Isles,—Report of the Committee on a Ceograj hical Ex pi ela¬ 
tion of the Country of Moab,—Sur l'ftmmitiou dei Functions AibitraireaReport on the 
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Discovery of Fossils in certain remote parts of the North western HighlandsReport of the 
Committee on Earthquakes in Scotland,—Fourth Report on Carboniferous Limestone Corals, 

— Report of the Committee to consider the mode m which new Inventions and Claims for 
Reward in respect of adopted Inventions are examined and dealt with by the different 
Departments of Government —Report of the Committee for discussing Observations of 
1 unar Objects suspected of change — Rep irt 01 the Mollusca of Europe —Report of the 
Committee for investigating the them cal Co ist tution and Optical properties of Tasential 
Oils —Report on the practicability of establ siting n ( lose Time for thi preservation 
of indigenous anumls —Sixth Report on the Struct urn and Classification of Fossil Crustacea 

— Report of the Comm ttee to organize an Fxpe lition f >r observing the Solar b cl pse of Dec 
12 1H71 Prehminarv Ucjiort of a Com mttee on Terato cmhiyological I nqumes —Report 
on Recent Progress in Elliptic a id Hvperelhpt ic Functions —Report on Tidal Observations j 
—On the Brighton Waterworks —On Amsler s Planimeter 

Together with the Transactions of the Sections, l)r Carpenter a Address, and Rccom. 
meadations of the Association and its Committees 


MLH1ING, at Bradford, 


PEOCFrDINGS OF irk IOHTY-TIIIRD 
September 1 ^7 J Fufftshel at XL 5s 

Contfvts —Report of the Committee on Mathematical Tables —Observations on the 
Apphcatnn of Machmcry to the cutting of Coal in Mines —C including Report on the 
Maltese Fossil Elephants —Report of the t ommittee for ascertaining the existence in diffe 
rent parts of the United hmgdom of any brratio Blocks or Boulders —Fourth Repirt on 
Earthquakes in Scotland —Ninth Report on Kent s Cavern —On the Flint and Chert Imple¬ 
ments found in Kents tavern , Rejiort of the Committee for investigating the Chemical 
Constitution and Optical Properties of Essential Oils —Report of inq dry into the Method of 
making Gold assays —Fifth Rejiort on the Selection and Nomenclature of Dynamical and 
Electrical Units —Report of the Committee on the Labyrmthodonts of the Coal measures » 
—Report of the Committee to construct and print Catalogues of S| ectial Rays —Report 
of the Committee appointed to explore the Settle Caves —Sixth Report on Undergrmnd 
Temperature,—Report on the Rainfall of the British Isles —Seventh Report on Researches 
in Fossil Crustacea —Report on Recent Progress m Flliptic and llyperelhplic Functions,— 
Repprt on the desirability of establishing a Close Time for the picseivatlon of indigenous 
anfmfds —Report on Luminous Meteors —On the visibility of the dark side of Venus,— 
Report of tne Committee for the foundation of Zoological Stations in different parts of the 
world —Second Report of the Committee for collecting Fossils from North western Scot¬ 
land —Fifth Report on the Treatment and Utilization of Sewage —Report of the Com¬ 
mittee on Monthly Reports of the Progress of Chemistry —On the Bradford Waterworks,— 
Report on the possib lity of Improving the Methods of Instruction in Elementary Geometry; 
— Interim Report of the Committee on Instruments for Measuring the Speed of Ships Ac j 
—Report of the Commute® for Determinating High Temperatures by means of the Refran- 
gihdily of Light, evolved bv Fluid or Solid Substances — On a periodicity of Cyclones and 
Rainfall m connexion with Sun spot periodicity —Fifth Report on the Structure of Carbo¬ 
niferous I imeatone C >ral* —Report of the Committee on preparing and publishing brief 
forms of Instructions for Travellers, Ethnologists, &c —Preliminary Note from the Com 
nuttee on the Influence of Forests on the Rainfall —Report of Sub Wealden Exploration 
Committee,—Report of the Committee on Machinery for obtaining a Record of the Rough, 
ness of the Sea and Measurement of Waves near shore,—Rcpoit on Science-Lectures and 
Organization ,—Second Report on Science I ectwres and Organization w 

Together with the Transactions of the Sections Professor A W Williamson** Address, 
and Recommendations of the Association and its Committees 


PROCEEDINGS or the 1'ORTt-FOURTH MEETING, at Belfast, 
August 1874, lhthlwhed at XI 5s A 

Contents —Tenth Report on Kent’s Cavern , —Report for investigating the Chemical 
Constitution and Optical Properties of Essential Oils,—Second Report of the Sub-Wealden 
Exploration Committee,- On the Recent Progress and Present State of Systematic Botany | 
—Report of the Committee for investigating the Nature of Intestinal Solution Report of 
the Comnyttee on the Teaching of Phvsics in Schools; Preliminaryjjjjaort for investiga¬ 
ting Isont ne Cresols and their derivative*,—Third Report of the Comfmttee for Collecting 
Fossils from localities in North Western ScotlandReport on the Rainfall of the British 
Idea,—On the Belfast Harbour Report of inquiry Into the Method of making Gold- 
assays t—Report of a Committee on Experiments to determine the Thermal ConriuctunUet 
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of certain Rock* t —Second Report on the Exploration of the Settle C&vet,—On the Indus 
trial nsei of the Upper Bann river,—Report of the Committee on the Structure and Clas¬ 
sification of the I aoynnthodonti >—Second Report of the Committee for recording the 
poaition, height above the «ea t lithological characters, size and origin of the Erratic Blocks 
of England and Wales, &c —Sixth Report on the Treatment and Utilization of Sewage,— 
Report on the Anthropological Note* and Queries for the use of Travellers —On Cyclone 
and Rainfall Periodicities t — Fifth Report on Earthquakes in Scotland Report of the 
Committee to prepare and print Tablet of Wave numbers — Report of the Committee for 
testing the new Pyrometer of Mr Siemens Report to the Lords Commissioners of the 
Admiralty on Experiments for the Determination of the Frictional Resistance of Water on 
a Surface dec —Second Report for the Selection and Nomenclature of Dynamical and 
Electrical Units On Instruments for measuring the Speed of Ships,—Report of the 
Committee on the possibility of establishing a Close time ” for the Protection of Indige 
non* Animals —Report of the Committee to inquire into the economic effects of Combina 
lions of Labourers ami Capitalists —Preliminary Report on Drelging on the Coasts of 
Durham and North Yorkshire —Report on 1 ummous Me cors —Report on the beat means 
of providing for a Uniformity of Weights and Measures 

Together with the Transactions of tho Sections Professor John Tyndalls Address, and 
Recommendations of the Usociatton an 1 its Committees 

PROCEEDINGS of the rORlY-IirJTII MEI JTING, at Bristol, 

August 1875, Published at A1 

Contents —Eleventh Report on Kents Cavern —Seventh Rep>rt on Underground 
Temperature,—Report on the Zoological Station at Naples, Report of a Committee to 
inquire into the Methods employed in the estimation of Potash and Phosphoric Acid in 
Commercial Products Report on the present state of our knowledge of the Crustacea, 
Second Kep< rt on the Thermal ( onductmtics of certain Rocks , Preliminary Report for 
extending the observations on the Specific Volumes of Liquids —Sixth Report on Earth 
quakes m Scotland —Seventh Report on the Treatment and Utilization of Sewage,— 
Report of the Committee for furthering the Palestine Exploration* —Third Report of the 
Committee for recording the position, height above tho §ca lithological characters, Bite 
and origin of the Frratic Blocks of England and Wales, &c —Report of the Rainfall Com¬ 
mittee Report of the Committee for investigating Isomeric Crcsols and their Derive 
tivesReport of the Committee for investigating the Circulation of the Underground 
Waters in the New Red Sandstone and Permian Formations of England,—On the Steering 
of Screw Steamers Second Report of the Comnuttoe on Combinations of Capital and 
Labourj— Report of inquiry into tho Method of making Gold assays —Eighth Report on 
Underground Temperature —Tides in the River Mersey —Sixth Report of the Committee 
on the Structure of Carboniferous Corals -Report of the Committee appointed to explore 
Settle Caves,—On the River Avon (Bristol) its Drainage Area &c —Report of the 
Committee on the possibility of establishing a Close time for the Protection of Indige 
noua Animals,—Report of the Committee appointed to superintend the Publication of the 
Monthly Reports of the Progress of Chemistry Report on Dredging oft the Coaat of 
Durham and North Yoiksbire In 1874 —Report on Luminous Meteors On the Analytical 
Forma called Trees —Report of the Committee on Mathematical Tables,—Report of the 
Committee on Mathematical Notation and Printing {—Second Report of the Committee for 
investigating Intestinal Secretion,—Third Report of the Sub Mealden Exploration Com 
suttee 

Together with the Transactions of the Sections, Sir John Hawkshaw s Address, and 
Recommendations of the Association and its Committees 
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biglmhitc 

18(33 {Blake, C ( aitci, Ph T> , 1 OS AYiatnim t r fl Mpitil School of 
Medicine Bioacl Hindum \\ slnnndu S A\ 
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1842 *BnADY, Su Ynionio JP, b G S Maryland Point, Strfttloid, 

Essex, L 

1857 # Br*dy, Cheyne, M It I \ Four Courts, Co Dublin 

Bradv Daniel F M I) 5 Gardiner s-row, Dublin 

1808 {Shady, Gi obgna S 22 1 awcett-street, Sunderland 

1802 fBs ti)Y, Hynby Bowman, ntS,l LS,rG8 29 Moaley-street, 

Newcoatle-on-Tyne 
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Thrift, a Book ot Domestic 

C ui cl By Samlki Smilks Post 
Bvo 6s 

Industrial Biofcraphy or Iron 

W orkersand I ol Maker* By Sami RL 
Smii r s Post 8v■> 6s 

Life of a Scotch Naturalist 

I IK MAS FPWAKL) By Samlfl 
Mrrrs Illustrated Crown 8vo 
10s ( \ 

Memoir of Sir Roderick Mur- 

chtsdn W th Notices of his ConUm 
poriries ind a Sketch f Pal® z ic 
< c 1 gy ti Bnta n By Professor 
Glikifc P rtra ts 2 vols 8vo 30s 

Personal! ife of George Grote, 

ihe Historim of f»reece C milled 
from Famly Document* By Mr# 
Or )] e Portrait Bvo ras 

Memoir and Correspondence 

f f Car line Hurschel Sister of Sir Wil 
1 am nd Aunt c f Sir John Herschet 
With Portraits Crown 8vo ias 

Personal Recollections, from 

F arly Life to old Age ByMAkvSoMHR 
sille Portrait Crown 8vo, 12# 

Life and Death of John of 

Barnfvbld Advocate tfH illaud With 
a View f the Prim iry Causes and Move 
ments f Ihe lhirty Yean War 
By J L Motley Illustrations 2 vols 
Bvo 26s or Cabinet Edition, 2 vol*. 
post 8vo, 125 

Memoir of William Ellis, the 

Missionary By his Son With hi* 
C haracter and Work by Henry Allow, 
D D Portrait 8vo 10s 6d 

Life & Times of St Chrysostom. 

By Rev W R Stephens. Portrait 
8 vo, 13s 

Life and Correspondence of 

Dr Arnold of Rugby By Dean 
Stanley Portrait 3 vol# crown Bvo 

13 * 
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Memoir of Bishop Stanley 

W th h s Addresses and Charge*, By 
Uva i Stanley 8y ion 6d 

Reminiscences of a Septua 

ficnar 8oa 57 Bv 1 a ly Bro vn 

Low Small Svo cA. 

Michel Angelo bcul[ tor Paint 

f dVrhct f d g I 

J o um 1 c 11 \ h 

ow f r lei t r 1 11 J v 

H 1 i \V n W 1 1 t \ b 

K y 1 8vo jC 

Titian his Life and Times 

w th s e A c t of h I n ly f m 
New □ d Un; I hed D U i y 

I A ( HO A l O M (. A L 

W 1 Illus at on a ul b 4S 

The Early Life of Jonathan 

Sw ft At agn c t By the 1 c 
J n r OHS ri£K 1667 171 lu r t 
£vo 153 

I ife of Dr Samuel Johnson 

By James Hsv V 1 HyJ W 

Lh KKH W 1 N t by I 1 S I 
Sr Water Sc t Sr J e M k l 
I) rncl Ma k and Lo kl a t Me 

dun 8vo i2i 

Johnson s Lives of the 1 ngi ish 

I oets Ed ted ly Cun n han 3 
volt 8vo 6d 

Memoirs of Sir fowcll Buxton 

wthFxrtf 1 iC [ 1 

By C ak nn Uuxr n 1 ortra t 8 
if t r po t 8 o 5 

Life and Letters of Loid Byron 

W tl Not u ofh I fc Fly 1 n 
M o rk P rtra ts Royal Svo 7s 6d o 
6 vols fcap 8 vo 18b 

Life of Lord Byron with an 

Essay o h s Place I tent c By 
Carl t 7p 1 ortra t 8vo 36 

Lives of the British Poets By 

Thomas Cami bell. I o»t Svo 3s fl 

Memoir of William Smith 

i thc Geolog at) By John Ph 
Ivo 7a bd 

King William IV s Corre 

spondence w th the late B ak y H30 
183a Ed ted by h a Son a vols Svo j 3 

Life and Times of Cicero his 

Character as a Statesman Orato a d 
Friend W ih a Sele t fro n h s l or 
re pondcncc By WtL am foRSYTii 
Illustrations Svo 10s. 6d 

Life of Theodore Hook By 

J G Lockhakt Fcap Svo is 

Memoir of Hon Julian Fane 

By Lord Lytton Portrait. Post 8vo> 

5 * 


Selection from the 1 annhar 

C rrc p d n of S r CiiaRL ftb Bell 
1 o lot Svo s 

Memoir of Sir Charles Fast 
kf i r y i \kh r fi i 

to h Con bu o h I rat rc of 

tl t nc V 3 8 4 

T cttcis of Sirah Duchess of 

M l o gh \\ I du b 

A Iventurcs on the Koa 1 to 

1 83 t* t A t b og apl y 

f II N V S PN B Rv 

1 oj uhrl lOgraj hies—B unyan, 

C LLL C VF ( ONI3 F DkAKB, 

M nr Sc II t a d C to il 

LI Y p 3 

Character \ctions, and Writ 

g f W g Byjum Mairrl 

I p o o 6d 

Napoleon at Fontambleau and 

1 I ng J n 1 f O s 

N f i- 1 y 

SNllLa l lot t Svo s 

I ttters and Journals of the 

1 a of F g v t vrr r C c c al of 

Ind a Id cd ly T i uDOhR Wa 
R Bv 14s 

Life and limes of Sir Joshua 

K > I W h N f h C n 
j. By C R l h R A 03 d 

I a 1 a P rt a b ivos 8vu 

Lives of the J arly Italian 

I nt g he 1 r gr s of 

1 l g It > f o C 1 to 

* 1 > M Jamf n niu tr t g 

1 o t 8 j 

T i\cs of the 1 ally 1 lemish 

Fa tc n 1 is es f 1 r Work* 

I y C K J C VAL A LLLK Jllu 
t at o 3 P t Svo 1 ob 6d or Urge 
paper 153 

Life of Horace By Dean 

M i\ an 8vo 9* 

Life of Behsarius By Lord 

Ma on Map I ost 8VO on Cd 

I ife of \\ ilham Pitt with 

h xt jc * f 1 s M S lip n By 
Ear S anho Por t 4 wls \ t 

vo 45 

Brief Memoir of the Princess 

Char 1 Wa By I a ly Rose 
We all t ortra t Crown Rvo 8a 6d 

Life of Bishop Si. mn f r during 

an Lp sc j. le f Forty Y a s By Rev 
Li H Sumnek Fortra t 8vo 144, 

Life of William W lberforce 

By b s Son Portrait Po*t 8vo, Go 
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Mr. Murray s List of Works 


Life and Adventures of Sir 

HoWardDoiglab from Notes, Conver 
nation* TJid Correspondence By S W 
t ULLom Portrait 8vo 15s 

Memoir of Sir John Burgoyne 

Hy Sir Francis Head Post Bvo rs 

Autobiography of Sir John 

Barrow, B irt P^rtmt 8vo 16* 

Private Diary of General Sir 

Rot £ht Wii sr n during Musi 113 and 
Fmpl yments with the Kuroj can Armies 
in i8ia 1814- Map 3 vols 8Yt, 

Autobiography of Sir Robert 

W11.SON from t 'urly Life to the Peace of 
Itlsit Portrait a vols. 8vo 26s 

Memoir of a Church Mission 

*iry in the North American Colonics. Hy 
Rev J Aduott Post 8vo as 

Memoir of Dr Conolly, com¬ 
prising a Sketch of the Improved 7 rent 
ment of the Insane in Lure pc and 
America Hy Sr James Clakk Por 
trait Post 8vo, io*> Gd 


The Talmud and other Literary 

Remains of the late Emanuki Dkutich 
W nh a Brief Memoir 8vo, 12s 

Memoir of Patrick Fraser 

Tytler By Rev J W Burgon, M A* 
Crown 8vo, 9* 

Memoirs , By Sir Robert Peel 

Edited by Earl Stanhopr and Lord 
Cakdweil 2 vols post 8 vo, 15s, 

Memoir of Bishop Blomfield, 

D D By his Son Portrait Po*t 8vo, 
1 as 

Memoir of the Life and Works 

of Sir Charles Barry, R A. By Canon 
Barry, D D Illustrations 8vo, 15s 

Reminiscences of Forty Years’ 

Service in India By Lieut Gen 
Sir George Lawkknce Including the 
C&ubul Disasters, and Captivities in 
Afghanistan Crown Bvo, 10s Gd. 


GEOGRAPHY, VOYAGES, AND TRAVELS, 


The East—India, China, &o. 
Travels of Marco Polo A 

new T nghsh verson Illustrated with 
Cop ous Notes By Col Yim, CB 
Illustrations 3 vols 8 vo, 6js 

A Visit to High Tartary, Yar- 

icANi and Kashgar ami over the 
Karakorum Pass By Rqukrt Shaw 
Illustrations 8vo 16s 

Adventures in Central Asia, in 

the Disguise of a Dervish from Teheran, 
acros* tnc Turkoman Dcbert to Khiva, 
Bokhara, and Samarcand By Arminius 
V amber y Illustrations &vo, a is 

New Japan , The Land of the 

Rising Sun Its Annals during the past 
twenty years recording the remarkable 
progrcM of the Japanese in western 
civilisation By Samlel Mossman 
Map 8 vo, 151. 

A Cruise in the Eastern Seas, 

from the Corea to the River Amur With 
an Account of Russian Siberia Japan 
and Formosa By W B Bax, R N 
Map With Illustrations Crown 8vo, 
xas 

Travels of a Pioneer of Com- 

MKRcs on an Overland Journey from 
China towards India T T Cooper 
I llustrations 8vo, x6s 

Letters from Madras. By a 

Lady Post Bvo, m. 


A Narrative of Journeys in 

Peru and India for the Conveyance of 
Plants and Seed and some Account of 
the Chincoua and of the Plantations 
already formed in Sikkim, the Ncdger 
nes Ceylon, JUvn etc By R Mark 
ham, CB Second Edition IUustra 
tions 8vo 

Journey to the Source of the 

River Oxtib, by the Indus, Kabul, and 
Badakhshan By Capt John wood 
With an Essay on the Geography of the 
Valley of the 0 *ua, by Col Yulr, C B 
Map 8vo, 1 as 

Siam, Cambogia, and Lao * a 

Narrative of Travels and Discoveries 
By Henri Mouhot Illustrations, a 
vols 8vo, 3a* 

Thirteen Years’ Residence at 

the Court of China, in tha Service of the 
Emperor By Father RrpA Post Bvo, h. 

Two Visits to China. By 

Robrrt Fortune. Illustrations, a vols. 
post Bvo, iBs 

Peking and the Pekingese, dur- 

ing the First Year of the British Em 
bassy By D F Rennie, M D Illus¬ 
trations s vols post 8 yo, 34s. 

Popular Account of the Man- 

ners and Customs of India. By Rev 
Ch as Acland Post Svo, as 

Nineveh and its Remains 

With an Account of a Visit to the Chal¬ 
dean Christians of Kurdistan, and the 
Yexedis or Devil Worshippers, fte. By 
A. H Lava to. Illustrations. t vm. 
Svo, jfis , or poet Bvo, 7*. 6d 



in Voyages and Travels. 


9 


Nineveh and Babylon , a Nar 

mivc of a Sec nd Expedition to the 
Ruin* of Assyria with i ravels in Ar 
mcma By A H J ayakl> lllustra 
tion* 8vo, ais or post 8vo, 7s 6d 

Africa—Egypt. 

A Popular Account of Dr Liv 

ingttouc a I ravels and Adventures in 
South Africa 1840 56 Illustrations 
P >st 8vo 7s fd 

A Popular Account of Dr Liv 

ing*t*nc& h xp-dition 10 the Zambesi 
Lakes Shirwa and Nyissu 1858-64 
Illustrations I ost Bvo ;s 6d 

Dr Livingstone’s Last Journals 

in Central Africa 1865 73 With a 
Narrative of his lost n ornem* and suffer 
ings By Kcv Hukauj Wali br II 
lustrations 3 vols 8vo 28s 

Livingstoma Journal of Ad¬ 
ventures in Exploring the Lake Ny 
and establishing the above Settlement 
ByE I) Young R N Map Fo&t8v 

Explorations in Equatorial 

Africa, with Arcounts of the Savage 
Tribes the Gonlla Nest Building Ape 
Stc By P du Chaillu Illustration* 
Bvo, 3IS 

Journey to Ashango Land, and 

Further Penetration into Equatorial 
Africa By P B du Cmaillu Ulus 
trationa. Bvo, aix. 

Wanderings South of the Atlas 

Mountains in the Great Sahara By 
Canon Tristram Illustration* Post 
Bvo, 15s 

Five Years' Adventures in the 

far Intenor of South Afnca with the 
Wild Beasts of the Forests By R 
Gordon Gumming Woodcuts, Post 
Bvo, 6* 

Sport and War Recollection* 

of Fighting and Hunting in South Afnra 
1834 67 with an Account of the Duke 
of Edinburgh s Visit By General 
Bissbt, C B Illustrations. Crown 8vo 

* 4 * 

Western Barbary, Us Wild 

Tubes and Savage Animals By Sir 
Drummond Hay Post 8vo, as 

A Residence in Sierra Leone, 

described from a Journal kept on the 
Spot By a Lady Post 3 vo j* 6d 

British Mission to Abyssinia 

With Notices of the Countries traversed 
from Mawowah, through the Soodan, 
and back to Anneiley Bay from Mag- 
data. By Hokmuzd Ram am Illus¬ 
trations. * voU yea. 

Sport in Abyssinia. By Earl 

of Mayo Illustrations Crown Bvo, is* 


Abyssinia during a Three 

Years Residence By Mansfield Par 
xvNb Wocdcut* Post 8vo 7s 6d 

Adventures in the Libyan De¬ 

sert By B Sr J^hn Post 8 vo as. 

Travels in Lgypt, Nubn, Syria, 

an 1 the Holy Land By Captmus Irby 
and Mangles Post 8vo Jt 

Ihe Cradle of die Blue Nile 

A Visit to the Cjurt of King J hn of 
I thi pin By E A dbCiisson F RG b 
Wuli Illustration a vol* post 8vo ais 

An Account of the Manners 

ami Cust ms f the Modern Egyptians. 
By Edward Wm Lank Woodcuts, 
a v>ls post 8vo jas 

Madagiscar Revisited, De- 

ecr bmg the Events of a New Reign, 
ami the Persecution* endured by the 
Chnsti m Converts By Rev W Et 1 is 
Illustrations, 8vo, 16s 

Mediterranean—Greece, 
Turkey m Europe. 

Athens and Attica By Bishop 

Wore swcjrth Illustrations Post 

8vo 53 

Travels in Asia Minor * 

With Antiquarian Researches and Disco- 
\Lnea and Illustrations f Biblical I itera 
ture and Archaeology By Henmy Van 
Lennrp DD illustrations 3 vols 
post 8vo 34s 

lroyand its Remains A Nar¬ 
rative of Discoveries and Researches 
made on the Site of Ilium and in the 
Trojan Piain By Dr Schlikmann 
With 500 illustrations Royal 8vo, 43s 

Discoveries on the Site of 

Ancient Mycenae By I>r Schlikmann 
I llustrations Plans, etc Medium 8vo 

Cyprus its Ancient Cities, 

Tomb* and Temples A Narrative of 
Researches and Excavation* during 
Ten Years Residence in that Island 
By Lot is P n Cssnou Maps and 
Illustrations 8vo 

Between the Danube and the 

Black Sen or Five Years 111 Bulgaria. 
By H C Bahklky Post 8vo 10s 6d 

Researches in the Highlands 

ofTurkey In Albania, Montenegro, etc 
With Notes on the Classical Superstitions 
of the Modem Greek By Rev H F 
lores Illustrations. a vols. crown 
8vo, 34s 

Lectures on the Geography of 

Greece By Rev H F Tores, M A 
Map, Post 8vo, 9*, 

Visits to the Monasteries of 

the Levant By Hon Routin'C umon 
W oodcut*. Port Bvo, 7a, 6d* 
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Journey through Albania and 

other Provinces of turkey in Ft r pe 
and Asia to (unatantmople 1800 1 
By Ta>rd Broughton Iliustrali 1 s 

3 vol* 8vo 30a, 

Reminiscences of Athens and 

the More* during Travels in Crecce 
By Lord Carnarvon Crown Svo 
7 a 6d 

Greece—Pictorial, Historical 

and Descriptive By l 1 r stopher 
WoRDS'AOKfH DD With 6oo lllustra 
tion». Royal &vo 

Asia, Bynft, Holy Land. 
England and Russia in the East 

A Sene'* of Paper* ui the Political ami 
(TeoffTanhical C ndition of Central Asia 
By Sir Henry Rawmnsun Map Bvo 


lal 

Travels m the Eastern Cauca 

*us the Caspian an 1 Black Seas Dag 
heslan and the Frontier of Persia aid 
Turkey By Sir A Cunynchame 
I llustrations 8vo iSs 

The Caucasus, Persia and Tur 

key m Asia. Being a journey to Ta 
bred Kurivuart 1 wn the ligns an 1 
Euphrates to Nineveh and Babylon and 
acres* the Desert to Palmyra By 
Baron Thislmann translated by 
C11A8 Hen rack. Illustrations a vols 
po*t Bvo 18s 

Armenia and Frzeroum, a 

Year on the Frontiers of Russia Turkey 
and Persia By Hon Ruhfrt Ci rjon 
W oodcuts Post &vo 7s 6d 

Nablus a Narrative of a Three 

Month* Residence with the Modem 
Samaritans By Rev John Mills 
Illustrations Post Bva 10s 6d 

Sketches of the Manners and 

Ciutortu of Persia By Sur John Mal 
colm Post 8yo 3* 6d 

Rambles in Syna among the 

Turcomans and Bedaween*. Post 8vo 
ic« 6d 

Journal of Researches in the 

Holy Land in 1838 and 1B59 With 
Historical Illustrations By Fdward 
Robinson DD Mops. 3 vql* 8vo 43s 

Sinai and Palestine , in Con 

nection with thetr History By Dean 
Stanley Plans Svo, 14a 

The Bible in the Holy Land 

Extracts from the above Work Wood 
cuts. Fcap Svo as 6d 

Damascus, Palmyra, Lebanon, 

with Travels among the Giant Cities of 
Bashan and the Hauran. By Rev J L 
Poara* Woodcut*. Poet Ive, 7* 6d, 


The Jordan,the Nile, Red Sea, 

lake >f Gennesareth etL the Cruiie 
of the R b Roy in Palestine, £(ty| t 
and the Waters t f Daninscu* ByJtHN 
MACCKHroR Illustrations Tost 8vt 
7* 6d 

The Land of Moib Travels 

and I> m,overie'j on the kast Side of the 
Dead Sea and the Jordan By C inon 
Irisiram Illustration* Crown bvo, 
* 5 * 

Australia, Polynesia, &o 
Discoveries in New Guinea 

A ( r use m Polynesia and Visits to the 
Pearl Shelling Station* in Torres Strait* 
By t aptain Moresby, R N With Map 
an t Illustration* &vo 15* 

A Boy’s Voyage Round the 

World By Sami ki Smiles the 
Y linger Small 8vn 6 b 

Hawaiian Archipelago, Six 

Month* among the Palm Grove* Coral 
Reefs and Volcanoes of the Sandwich 
Islands By Isapriia Bird Illu* 
tration* C re wn 8vo 7* 6d 

Ride Through the Disturbed 

Districts of New Zealand to Lake 
i aupo at the time of the Rebellion with 
note* f the South Sea Inland* By Hon 
Herbert Meaor, R N Illustrations 
8vo in 

Typee and Omoo, or the 

Marquesas and Soi ih Sea MUndera By 
Hermann Melvh lk. 3 vols post Bvo, 
78 

Recollections of Bush I ife in 

Australia, dtinnea Residence of Eight 
VeaTsin the Interior By Rev H W 
Haycarth Post Bvo a*. 

Notes and Sketches of New 

South Wales By Mr* Mrredith 
Post 8vo a* 

Mutineers of the “Bounty,” 

and their Descendant! with their Set 
tlements ui Pitcairn and Norfolk Islands 
By Lady Belcher Illustration* Post 
Svo iaa 

America, West Indies, Arctio 
Regions. 

Mexico and the Rocky Moun- 

tain* By Geokgr F Ruxton Post 
8vr 31 6d 

Pioneering m South Brazil 

Three Yean of Forest and Pnurw Ltftf 
m the Province of ParaHa By T P 
Birr Wither. With Map and fUortra 

tton* ft vols Dost fivo. 

The Naturalist on the River 

Amazoni, with Adventure! during 
Eleven Yean of Travel By H W 
Bath Illustration*. Port 8vo, 7*. 6d 
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Voyage up the River Amazons, 

tuid a viwt to Para By Whuam H 
Edwards Poi.t 8 vo 

Naturalist in Nicaragua A 

Narrative of J Yumry* m the Savannah* 
and 1 oresu W th observat ns i 
Ammak and I la n By liiuMAS 
Bklt Illustration* Pent bvo us 

Journeys across the Pampas 

By Sir h rancis Hhad P nI 8v a* 

Voyage of a Naturalist round 

the Wjrld By Ciiaklls Dakvin 
P ast 6vo gs. 

The Patagoni ins , a Ytnrs 

Wandering over 0 ntrodden Oi nui If ) 
the Straus of M Aecllon to the Ki Nc^r 
By Capt, O (J Musters IIlustra 
lion* Post 8vo jh 0 1 

Voyage of the <£ Tox’ m the 

Ahltjc Seas an! the Discovery cf tie 
F ite of Sir J hti frmklin 'll d h s < nm 

F tnions by Sir Le j oi d M C lin i ock 
llusrrationa. PjstSvo 7s 6d 

Perils in the Polai Seas Irue 

Stones of Arctic Discovery and Adven 
ture By Mrs Chisholm IUustrauunt* 
Small 8vo 6s 

Captain Nares’ Official Report 

to the Admiralty f the Recent ArctiL 
Expedition With Chart, 8vo is bd 

Winter Tour in the United 

States By Rev F Bahham ^incaf 

Pout 8vo r is 6d ' 

Discovery of the Great West 

or the Valleys of the Mississippi and the 
Ibices of North Amern a By Fkanu* 
Pakkman 8vo jos t»d 

British Columbia and Van 

couvbr Isi and tbeir Forests Rivers 

Coasts Goldfields and Resources fir 
Col mutton by Captain Mayne, R N 
Illustrations 8vo, ios 

Communistic Societies of the 

United Stated Shakers the Aroano 
Oneida Bothell Aurora. Icanan and 
other Societies their Religious Creeds 
Social Practices and Present Condition 
By Charles NoRDHorr Illustrations 
8vo, 15s 

Journal of a Residence in the 

West Indies By M G Lewis Post 
8 yq, as 

Europe. 


Diary of the Shah of Persia 

daring his Tour through Europe m 1873 
PransUted by J W RzOHovs* Por 
trait Crown Svo, im 


Etchings on the Mosel ‘ a 

Senes of Twenty Plates, with Datcnp 
tire Letterpress By Ernest Geo roe. 
Folio, 4 *> 


Ltclungs fiom the Loire and 

S lthofhnnc In u Series of T wenty 
PI ites w th DcM_r ptive Text By 
J HNESrCiK hgp I ti 42s 

Lewes from My Sketch Book 

A selection of Sketches male during 
many! ours By h W Coomi RA 
35 Plates Small f In 31s, 6d 

Summer and Winter in Norway 

by 1 -id), J)f Biiauciekc Woodci ts 
Pont 8v 6s 

A Month in Norv\ \y By J G 

Hollw \y Tcap 8v i% 

Letters from the Shores of the 

Hiluc By i Lady Po*t 8vo as 

Letters from High Latitudes 

An A cot lit of a Yacht Voyage to Ice 
1 1 ! Jm M i>en and Spitsbergen By 
L 1 i l)i m Erin Illustrations Crown 
8v 7s 6d 

1 he Land of the North Wind 

Travel* am ng the I aplandcrs and Sft 
m yc les By h dward Raw Map 
Wwj 1 uts Fist 8 vo 10 a 6d 

Hie Country of the Moors 

A J umey from Tripoli in Barbary to 
the City of ksorwan Ly V PWaRD Ra* 
Crown 8vo 

1 he Bible m Spain, or the 

Joi rneys Adventures and Impruon 
meuts fin LnglHhman in the Peninsula 
By Gkohck Bokkuw Post 8vo, 5s 

the Gypsies of Spain, their 

Manners, Custom* Religion and Lan 
guugc By George Borrow Post 8vo, 

5 * 

Gatherings from Spain By 

Richard Ford Post 8vo, 3s 6d 

Portugal, Gallicia, and the 

Basque Provinces By Lord Canaan 
von Post 8vo 3» 6d 

Visits to Italy By Lord 

Broughton a vols postSvo, i8j 

Brittany and its Byeways, with 

some Account of Us Inhabitants and its 
Antiquities By Mrs Pallisul lllui 
trmoni Post 8vo, us 

Two Years’ Residence in Jut- 

land, the Danish Isles, and Copenhagen 
By Horace MarrYat Illustrations 
s voU. post 8vo, 34s 

Sweden and Gothland, By 

Horace Marrvat Illustration* a 
volt, post 8vo, 28a 

Bubbles from the Bninnen of 

Nassau By Sir France Head 
W oodcuts, Post 8 yo, t*. 6d 
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Mr. Murray s List of 


General Geography. 

Dictionary of Greek and Roman 

Geography F ditto! by W rw Smjjii, 
13 L L j vols royal 8 vi 565 

Atlas of Ancient Geography, 

Biblical arid i 1 hi.il. il c mp led under 
the supenntcn(lriH..e of Or Sftin tl and 
Mr Gnovk Folio, 0 ^ 

Student’s Manual of Ancient 

Geogrnrphy By W J Buy an, M \ 
Wcxxkuts Po>t 6 to, 71 Cxi 


Student’s Manual of Modern 

(*e tgraphy, Mathematical Physical, and 
Descriptive By W L Huvan, M A 
Woudt uts Post 8vo, 7s 6d 

A School Manual of Modern 

Ce »grnphv 1 hysical and Pr tmr al By 
John Kkhanuson M A Posi tjvo, 

Journal of the Royal Geogra¬ 
phic Society 8vo from 1831 to the 
present tunc 

Ait oi Travel; or Hints on 

the Shifts and C)Mm*mces available 
in Vv ild Countries By F gANcife GALTON 
WoudcUl 3 Fu&t SVOj 7 B t*l. 


HANDBOOKS FOR TRAVELLERS. 


Foreign. 

Handbook — T ravel Talk, -— 

Knglish Ticnch Gerimn and It than 
Arranged for pr ictical use 161110, ^ 
6d 

Handbook—Holland and Bel 

gium Maps md Plans P >si 8vy, 6b 

Handbook—d he Rhine and 

North Germany Prussia, Saxony, 11411 
over, LUass, etc Map and Plans Fust 
8vo, 1 us 

Handbook—Switzerland, The 

Alps of S tvoy, and Piedmont Maps 
Pobt 8 vo, 

H andbook—Sou th Germ any, 

lyrol, Banana, Austria Salzburg, 
Stvria, Hungary, and ihc Danube from 
Uhn to the Black Sea Map and 
Plans Pm.1 8vo, ioa. 

Handbook—France Part I 

Normandy, Brittany, The French Alps 
Dauphuul Map aud Plans Pu*t Bvo, 
7 i 6d 

Handbook—France Part II 

Provence, French Aim, Da up hi m5 
Auvergne, Alsace, etc Map and Plans 
Puit 8vo, 7 s bd 

Handbook—Paris and its En- 

virona Map i6mo 3s 6d 

Handbook -— Mediterranean 

Islands, Corsica, Sardian, Malta, and 
Sicily Maps Post 8vo {In the Press 

Handbook—Algeria. Algiers, 

Constantin, Oran, the Atlas Range, etc 
Maps Pott Bvo, 9s 

Handbook — Spain, Madrid, 

The Castile*. Basque, Astunas. Galicia, 
Estrcmadura. Andalusia, Ronoa, Gran 
ada, Murcia, Valencia, CsUloau, Arigon, 
Navarre, Balearic Islands. Maps 
Pott *VO 


Handbook—Portugal, Lisbon, 

O} orl», Cintra, Mafia Map Po&t 8vo, 
12 » 

H mdbook—North Italy, Pied 

in nl Nice, Icinlurdy Venire, P^rma. 
M idcna iixl Knim^iu Maps ana 
1 LilS Pi si 8vo, lus 

Handbook— Central Italy, Tu&* 

cany, Florence, Lucca Umbria, *lhe 
Marches, and the Patrimony of St Peter 
Map Post Bvo 10s 

The Cicerone, or, Art Guide 

to Pamtmg in Italy By Dr Jacob 

Bl RlKHAHUT iW 8vO, 0*t 

Handbook — Rome and its En¬ 

virons Map and Plans. Post 8vo, 10 s 

Handbook—South Italy, Two 

Sicibe3, N*\nles, Pompon, Herculaneum, 
Vesuvius, Aonuzt, ctu Maps Post Bvo, 

1 os 

Handbook — Egypt, the Nile, 

Fgypt, Nubia, Alex indna, Cairo, Phe 
Pyramids, tlx. Ik:* Suez Canal, Puiin 
sola of Sm 11, Ihc Oases, the F ynom 
Map and Plan* Post 8vo, 15s 

Handbook — Greece, Ionian 

Inlands, Continental Greece, Athens, 
Pel >pnnnesus A gscsn Sea, Albania, 
I heistdy, and Macedonia. Maps Post 
8vo, 15V 

Handbook—Turkey in Asia, 

Constantinople, I he Bosphorus, Darda¬ 
nelles, Brousa, Plain of Troy, Crete, 
Cyprus, Smyrna, Ephesus, the Seven 
Churches, Coasts of the Black Sea, 
Armenia, Mesopotamia Maps. Post 
8vo, 15s 

Handbook — Denmark, Sles- 

wig, Holstem, Copenhagen, Jutland, 
Iceland Map. Post Bvo, 6s. 
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Handbook — Sweden, Stock 

holm X pula Gothenburg the Sh es 
of the Hal c etc lot fivo 

Handbook — Norway Christi 

an a Bergen Tr ndhjcm the hjd H 
Iceland Art p Iost8vo 9-4 

Handbook—Russia St Peters 

bu g Mo*, ow Poland V nh I He 
C imca ( a casu* S her ml Leri* al 
As a. M ps Post Bvo 8* 

Handbook—Bombay and Ma 

dras Maj s vols Post Bvo jas ea h 

Handbook—Holy Land, Syria 

Palest ne bn Ed m ml tl e Syr an 
De e ts Jenjsalc n Pe a, I)am 
mid Palmyra Maps I o t 8v aos 

Traidhmr Map of Palestine , 

Me tnted a d /« a Cast xas. 

English 

Handbook—London as it is 

Map a d Plan* i6mo 39 6d 

Handbook—Environs of Lon 

don wthnaoml s round of the Metro 
pol 3 voU Post 8vo ais 

Handbook—Pastern Counties 

Cl clmuford Harwich, Col 1 c ter Mai 
don C'tmbr dge Ely Newn ark t B ry 
Ipawch W dbr dgc boiixstowc Lowe 
* toft, Norwich Yam uih Lr tier Maj 
and Plan* Post 8vo n* 

Handbook—Kent, Canterbury, 

Dover Ran sgate Rocl eater Chatham 
Map P it Bvo 7a 6d 

Handbook —Sussex, Brighton, 

Ch c! ester Worth ng Host] g<t Lewes 
Arundel Map Poat Bvo 6s 

Handbook—Surrey and Hants, 

K. ngiton Croy Ion Re gate C 1 1 
ford Dorki g Boxh II W 1 cheste 
Southampton New Forest Portsmo th 
l^le of W ght Map Post 8vo 1 « 

Handbook—Berks, Bucks, and 

Oxon W ndior Eton Read ng. Ayles 
bury, Henley Oxford Blenhe n and 
the rhame* Map Post 8vo ;a 6d 

Handbook—Wilts, Dorset, and 

Somerset Sal abury Stoi ehengc Ch p 
penham Weynouth Sherbor e Well* 
Bath Bristol Taunton Map Post Bvo 

lot 

Handbook—Devon and Com 

wall Exeter. Ilfracombe Lntoi) Sid 
mouth Dawlish Te gr mouth Plymouth 
Devonport. Torquay, Launceston. Pen 
ianc« Falmouth The Lreard Land 9 
End Map Poitlro tu 


Handbook—Gloucester, Here 

f r ! 4 ij Wo center L rc center Chelt 
e 1 am, St o 1 1 rwke 1 ry Lcom nstcr 
R s . Malv K lit n n er Dudley 
Evesham M p Tost 8vo jc 

Handbook — North Wales, 

1U gor, Camorvoi Ilea mar* Snow 
d n Ll'inbe *1 gt* ly fader ldns 
Conway M p Tost 8vo 7s 

Handbook—SouthWales Mon 

rr h Llandafi Me th}r Vale of 
N ath Pen br ke Carmarthen Tenby 
S v u sea tl c Wyc Map P it 8vo 7a 

Handbook—Derby Notts Lei 

c<* cr and Staff d Ma lo k Bake well, 

C haLswortl 11 c Peak llux fin Hard 
w lc D vedale A hbr r e bo thwell 
Man frid Retford B rl Belvoir 
MeltorwMcmbny Wolverhampton L ch 
fieri Wal I Ixinworth Ma] Post 
8v 9s 

Handbook—Shropshire, Che- 

h re a 1 loi i h re Shrewsbury Lud 
low JBrldgnor h CRwes ry Chester 
C ewe Al le l v Stockport B rkenhead 
Wa r g n lu y Ma cl e* er laver 
pool Bu I y Cl her* B 1 on Black 
b rn W gan Prc to , Ro hdale I an 
<n ter Sou hport Blackpool Map 
PuM 8vo lo 

Handbook — Yorkshire, Don 

exster H 11 . Selby, Beverley Scwr 
l ough Wl tl y Horrogate R pon 
T*eU W k fell Bndford Hal fax 
H ddcrsfi 11 Sheffield. Map and Plan*. 
Post 8vcs 129 

Handbook. — Durham and 

No thumberland Newcastle Burling¬ 
ton B shop A ckla d Stockton Hartw 
p ol Sunderland Shcld Berwick lyne 
mouth Alnwick Map Post 8vo 9s 

Handbook—Westmorland and 

( ml erland. I a nc as ter Fume*s Abbey 
A 1 les de Kendal W nder nere Con 1 
ton Kesw ck Grasmere l h water Car 
lisle C< ekermo th I enr th Apploby 
Map P st 8vo os 

Trax tiling Map of the Lake 

Dutnci 3 J 6d 

Handbook — Ireland, Dublin, 

Belfast Do egal. Galway Wexford 
Cork Limetick Waterford KtUamey 
Muistef Map PottSvo to*. 

Handbook—Scotland, Edin 

burgh Melrose Abbotsford Glasgow 
Dumfr et Gall way Ayr Stirl ng Arran 
Iho Clyde Oban 1 verary Loch Lo 
mond Loch Katrine and Trwsachs Calo 
duo an Canal Inverness, Perth. Dundea, 
Aberdeen Brae mar Skye Caithtmts 
Rot* and Sutherland Map* and Plans 
Post Ivo gs 
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Handbook for England and 

Wales Alph ibelically arranged 11 1 
condensed in one Volume Post 'Ivo 

Handbook—Herts, Beds, War 

wick, and North ami ton Map lust 
8vo [/n frtf \r itwn 

Handbook—Huntingdon, Rut 

land and T intoln Map P st 8vo 

[/« fitef irattoH 

English Cathedrals. 
Handbook — Southern Cathe 

drals W nchest^r Sal sbury Fxetcr 
Wells Rochester Canterbury Chichcs 
ter and ,St Alban* illustrations a 
vol* Crown 8vo y* 

St A lb r«f Sfifar ttrly 6r 


Handbook — Eastern Cathe 

drali Oxf rd Pctorb r ugh Ely Nor 
wiuh aiul Lincoln Illustrations Crown 
8vo, i8s 

Handbook — Western Cathe¬ 
drals Bnstol Gloucester Hereford 
W recsier anl I ichticld With 6o I Hus 
trat oni Cro*n 8vt>, i6s 

Handbook—Northern Cathe 

drals York Ripon Durham Carlisle, 
Chester and Manchester Illustrations 
a xols Crown 8vo ais 

Handbook—Welsh Cathedrals 

LlandafT St David s Bangor and St 
Asaph s Illustrations, Crown 8vo, 15a 


RELIGION AND THEOLOGY 


1 he Speaker’s Commentary on 

Thk BruLK Explan itory and Critical 
With a Revision c f the Iru station By 
Bishops and Clergy of the Angl an 
C hurch Ed ted 1 y t io nl ook Me h 
Utti 8vo Old lestament 6 v U 135s 
New leatament 4 vols \fn th* Frt s 

Dictionary of the Bible , its 

Antiquities Bngraphy Geography, and 
Natural History By various Writers 
Edited by Dr Wm Smith Ulusira 
tions 3 vols 8vo 105s 

Concise Bible Dictionary For 

the ilso of btudents and families. Con 
denied from the above Maj>s and joo 
Illustrations 8vo jis 

Smaller Bible Dictionary, for 

Schools and Young Persons, Abridged 
from the above Maps and Woodcuts 
Cr iwn 8v 1 7s 6d 

Bible Lands Their Modem 

Customs and Manners illustrative of 
Scripture By Hunky Van i fnnkp. 
Illustrations. 8vo ais 

Dictionary of Christian Anti 

QUiTiBs comprising the History Insti¬ 
tutions, and Antiquities of the Christian 
Church .Edited by Dr Wm Smith 
wad Professor Chkktham Illustrations 
Vol I 8vo, 31s <kf 

Dictionary of Christian Bio 

graphy Literature Sects, sad Doc 
trtoes from the Times of the Apostles 
to the Age of Charlemagne. Edited by 
Dr Wm Smith and Professor Wage 
Vol I ftvo, 31s 6d 

Church Dictionary By Dean 

Hook 8vo, i6i 


Student's Manual of Ecclesias 

TiCAL Histowv > rom the earliest ages 
f the ( hmtiau Church to the Reforms 
non By Pump Smith B A Wood 
cuts Post 8vo 6d 

The Student's Manual of Eng¬ 
lish Church History from the Reform*, 
t on to the Present Tune By Rev G 
G Pkrry Pobt Svo 

Student’s Old 1 estament His- 

TORY From the Croatian to the ra 
turn of the Jewa from Captivity By 
Philip Smith Woodcuts, Post Bvo, 
7s rtd 

Student’s New Testament His- 

Toav With an Introduction connect 
ing the History of the Old and New 
Testament* By Thu ip Smith Wood 
cut* Post 8 yo 7* 6d 

Ihc New Testament Edited* 

with a short Practical Commentary, by 
Archdeacon Ghurton and Bishop Basil 
Jon as. With 100 Illustrations a vol* 
Crown 8vo, a is. 

History of Latin Christianity, 

including that of the Pope* to the Ponti 
ficatc of Nicholas V ByDeanMiLMAN 
9 vol*. crowp Svo, 54s 

Book of Common Prayer , 

with Historical Note* By Rev Thomas 
James With Initial Letters, Vignettes, 
etc Svo, r8s 

Signs ana Wonders in the Land 

of Ham A description of the Ton 
Plagues of Fgypt with Ancient and 
Modem Parallel* and Illustrations By 
Rev T S Millington Woodcuts. 
Bvo, 71L $d 

The Messiah A Narrative of 

jThe Life, Sufferings, Death, Resume 
tion, and Ascension of eur Bitessd Lord 
Map fro, 18* 
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History of the Christun Church 

fro id tl e Apmtol c Age to the Ref r j 
t n a 64 1517 By La o Ko bkt 
'’On I hra y ed t on 4 v Is 8vo or 
Cal net e l 8v \ post 8vo 6 ca I 

Undesigned Scriptural Cornu 

lence* the OH 4 Nc v Tc 1 e ts 
n I c'st of the r Vera y By Kcv J J 
IIlu n 1 Post 8vo 6s 

History of the Christian Church 

the h i FI ce Ce cs By Rev 
J J Blun I ost 8vo 6s 

I ecturcs on the Right Use of 

the I 1 ar!y F athers By Rev J J K nt 
8vo 9* 

The Parish Priest His Duties j 

Aq re e ts and Obi gat om By Kcv 
J j Rl \r Post 8vu 6s 

Plain Strmons for a Country 

Congrega n By Rev J J B nt 
a vofa post 8vo nt 

University Sermons By Rev 

J J Blunt Post 8vo 6s 

Fxposition of the Apostles 

Creed By B shop Ken Fcnp r* fid 

The Shadows of a Sick Room 

W tH Pref ce by Canon L DDON 
t6mo as 6d 

Biblical Researches in Pales 

t ne and the Adjacent Reg ons A Jo r 
nal of Travels and Reiearches. W h 
Hstorcal lllustrat ons Bv Fdwaro 
Robinson DD Maps 3 vols 8vo 42s 

The Witness of the Psalms to 

Chr st and Chnst an ty The Bsmpton 
Lectures for 1876 flyWM Alexander 
1)1) B shop of De ry 8v io« 6d 

Aiils to Faith , a Scries of 

Theological Essays By v*r om writers 
Ed ted by Ar hb shop Thomson 8v 

g« 

Church and the Age a Senes 

of Essays on the Principles and Pre 
sent Boa tton of the Angl can Ch rch 
By vanou» writer* a vow. 8vo a6s 

Companions for the Devout 

Life Lectures on well known levot onal 
works, delivered st St James s 1875 6 
Post Bvo 

The Classic Preachers of the 

English Church A Senes of Lectures 
delivered at St. James» during 1877 
Poit 8vo 

Masters in English Theology 

A Series of Lectures delivered at King s 
CoEUge, London, 1877 Wuh sn Hi* 
torleal inmduedon ty Canon B* rrv 
D D Post 8vo 


Life and Times of St Chrysos 

tom A Sket h of the Church and the 
r p 0 the h urth Century By 
Re W R W S ttrHBNS Portra t 
8vo 51 

Essays on C athedrals liy 

v o s A hor Ld ed w th an I 
t 1 on > De H wson fivo las 

l he Galilean Church hrom 

tl e Co iai f B lognY 1516 to 1 e 
Revolu n W tl a t od c on By 
W J 1 J EKvxb Ai A I o tra t 2 vols 
Bv a8 

Continuity of Scripture, as 

de bre i by the Tc^t mon> of Our J ord 
a J of ihe Evugdsts and Apostles 
Bv Lord Ha hkklly 8vo 6s orcheap 
el as (id 

Meditations on Christianity 

By M ( 7 t 3 vols post 8vo ays 

Sermons preached at Harrow 

Ty Rev C J V \ ohan Bvo 10s 6d 

Nine Sermons preached at 

Harr w By Rev L J Vaughan 

I cap Bvo 

Manual of Family Prayer, ar 

ranged on a card so a* to save fhe 
trouble of turn ng the pages backwards 
a i f rwarda 8vo 2S 

Primitive Doctrine of Bap 

t smal Regenerat on By Canon Moilky 
B vo 7 » 6d 

1 leatise on the Augustiman 

Doctrine of Predcstuist on By Canon 
Mozlby 8vo 14* 

The Nicene and Apostles 

Crkkds The r L terary H story w th 
some acco nt of The Creed of 
Athanas us By Ca on Swainson 
8yo 16s 

1 he Limits of Religious 

Fho ght exam 1 ed By Dean Manjkl 
P ost 8vo 8s 6d 

The Gnostic Heresies of the 

First and Sbcond Centuries By 
Dean Manskl. W th a Sketch of his 
1 fe By Lord Carnarv n Edited 
by C-»n n Lightfoot 8vo 10*. 6d 

Foundations of Religion in the 

M nd and Heart of Man By Sir John 
B Bvlep Post 8vo 6s 

Hymns adapted to the Church 

Scrv ce By Bishop Hsbkr ifimo, 
is, 6d 

Epistles of Sl Paul to the 

Cor nth an* with Critical Notes and 
I) ssertatioos By Dean Stanley It*, 
18s 

I ectures on the History of the 

Eastern Church By Dean Stanley 
tvo 111 
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Lectures on the History of the 

uwish Chi rch Hy Dean Stanlbv 
vo a voIa. 24A Vol III 14a 

Sermons preached during the 

Tour of the Prince of Wales in the h nst 
By Dean Stanlrv With Notires of 
the Localities visited 8vp 9$ 

Sermons preached m Lincoln’s 

Inn By Canon C jok 8 vo 93 

Character and Conduct of the 

Afostlks consi lered an an Fvidence of 
Chnstimity By Dean Milman Bvp, 
j os 6d 

Benedicite or, Song of the 

Ihrce Children Being illustrations of 
the Power Renefketu.e an 1 De«m 
manifested by the Creator in Hn Woiks 
By O C Child Chaflin M D Post 
8vo 6s 

Sermons preached at Lincoln’s 

Inn By Archbishop 1 homson, 8vo, 
jc*. 6d 

Life m the Light of God's 

Word By ArLhbiahop Thomson Post 

fivo 5* 

Three Essays on the Mamtc 

NANCE or THU CmJKCH OF ENGLAND 
as an Established Church By Rev 
Hols Dixon, and I lovd 8 vo ids 6 d 

University Sermons By Dean 

Scott Post 8vo 8s 6d 

Life m laith Sermons 

preached at Cheltenham and Rugby 
By 1 W Jsx Blake, D D Small 
8 vo, 3. 6d 


A History of Christianity, from 

tho Birth of Christ to the Abolition of 
Paganism in the Roman Empire By 
Dean M11 .man 3 vol* post 8vo jBs 

History of the Jews, from the 

earliest period, continued to Modern 
Times By Dean Milman 3 vo Is- post 
8vo 18s 

A Smaller Scripture History of 

the Old and New lestaments Edited 
by Dr W Smith Woodcuts, ifiroo, 

3^ 6d 

r Ihe Jesuits their Constitu¬ 
tion and Teaching an Historical Sketch 
By W ( Lari weight MP 8v<j, gs 

lhe Talmud Selected Ex¬ 
tracts chiefly illustrating the Bible. 
With an Introduction By JosethBar 
Clay l L D Svo 

Rome and the Newest Fashions 

in Religion Three Tract*. By the 
Right Hm W E Gladstone, MP 
Containing The Vatic m Decrees—Vati 
caru^m Speeches of Pius IX Svo, 
7 * 6d 

Eight Months at Rome, dunng 

the Vatican l ouncil with a Daily Ac 
count of the Proceedings ByPouroNio 

I kto 8vo tn 

Worship m the Church of 

FncLand By A J B Barksford 

II irK. 8vo, 9s or, Popular Sflections 
from Svo as fid 

Fragmentary Illustrations of 

the History of the Book or Common 
Prayer, from Manuscript Sources 
(Bishop Sanderson and Bishop Wren) 
Edited by Bishop Jacomoh 8ro, 5s 


SCIENCE, NATURAL HISTORY, GEOLOGY, ETC, 


The Moon. Considered as a 

Planet, a World, and a Satellite By 
James Nasmyth and James Car 
1 enter With Illustrations of Lunar 
Objects, Phenomena, and Scenery and 
Woodcuts 4(0 30*. 

Student’s Elements of Geo 

logy By Sir Charles Lvell. Wood 
cuts. Post 6vo, QS. 

Principles of Geology, or, the 

Modern Changes of the Earth and Us 
Inhabitants, as Illustrative of Geology 

By Sir Charles Lybll. Woodcuts 
a vols Svo 30s 

Antiquity of Man, from Geo 

logical Evidence* with Remark* on 
Theories of the Origin of Specie* With 
apacial reference to man'* first appear 
•ace on the earth. By Sir Charles 
Lvell, Illustration* Ivo, *4* 


Connexion of the Physical 

Sciences By Mary Somerville. Plates. 
Post 8 ro 9 * 


Physical Geography By Mary 

Somerville. Portrait Post Svo, qs 

Molecular and Microscopic 

Science By Mary Somerville Jllus 
trad piu 2 vol* post 8vo, sis 

Siluna, a History of the Oldest 

Fossiliferoub Roots and their Found* 
dons with a Brief Sketch of the I>ia 
Mbution of Gold ow the Earth By 
Sir Roderick Muechjion IUuatr* 
tions. * rols Svo, its 
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A Short History of Nitural 

Sr encc and the Process of Discovery 
from the t me of the Greeks to the pre 
sent day for Young Persoi s Hy 
A B Dutkiky With 60 Illuhtrations 
Post 8vo gt 

Manual of Scientific Inquiry, 

prepared for the me of Officers itid 
Travellers in General Fd ted ly Rev 
*R Main Map I ost 8vo 3s (kf 

Reports of the British Associa 

T! n for tie Advancem I of Scici re 
from 7811 t the j resent tune 8vo 

Records of the Rocks , or, 

Notes on the Geology Natural Hist ry 
and Ant qu t es of North and South. 
Wales Dt*v n &c By Rev W S 
Symonds Illustrati 1 s Crown 8vo ias 

life of a Scotch Naturalist 

(Thomas Coward) By Sami kl 
Smiles 111 iiLrat ons Crown 8vo 
10s fid 

The Origin of Species, by 

Mhans nr Natural Sfi kttion orthe 
Preservat on of havoired Races in the 
Struggle for Life By Charles Darwin 
Post 8vo 7*t. 6d 

Voyage of a Naturalist , being 

a Journal of Researches nto the Nat ral 
History and ( eologv of the Co ntr ei 
visited dur ng a Voyage round the 
World By Charles Daxwin 111 s 
(rations Post 8vo 9s 

Variation of Animals and Plants 

undis Domestication By Charles 
Darwin Illustrations a voU crown 
8vo, 18s 

The Various Contrivances by 

which Orchids are Fertilised by 
Insects By Charles Darwin Wood 
cuts Post 8vo 96 

The Effects of Cross and Self 

Fertilisation in the Vegetable K ngdom 
By Charles Darwin Crown 8vo ran 

Expression of the Emotions 

in Man and Animals By Charles 
Darwin Illustrations. Crown8vo i?s 

Descent of Man and Selection 

In Relation to Sex By Charles 
Darwin Illustrations Crown Bvoga 

Insectivorous Plants By 

Charles Darwin Post 8vo 14s 

The Movements and Habits 

of Climbing Plants ByCHAS Darwin 
Post Bvo Cm 

The Different Forms of Flowers 

on Plants of the same Species By 
CHARLEb Darwin Woodcuts Crown 
8vo xoa 6d 

Facts and Arguments for Dar 

wjn By Fritz Muller Translated 
byW S Dallas. lUustrahona Post 
I vo, 6a 


Scepticism in Geology, and the 

Re eonsfor t By Verifier Post 8 vo, 
6 s 

Geology and Extinct Volcanoes 

of Cen tral Trance BvG Poilett 
Sir pe Illustrations Medium 8vo 30A. 

Manual of Ethnology, or a 

r p k H story of the R ices of the Old 
World By C L Brack Poit 8 vu 6s 

The Rivers, Mountains, and 

Sha coast of Y hkshirr. WthEsuyt 
on the Cl mite Scenery and Ancient In 
hib ur ts of the Coui try By John 
P11 lliis Plates 8vo 15s. 

The Geology of the Yorkshire 

C ast and the Mounts n Limestone Du 
it Lt By John Phillips Plates, t 

vuls 4to 

Geographical Hand book of all 

the known Fern* w th 'I able* to show 
the r D str but on By K M Lykll 
P o*t Bvo 7s 6d 

Harvest of the Sea An Ac 

count of the Brit bh Food T -dies W th 
Sketches f Fisheries and F sher hulk. 
By James G Bertram Illustrations 
Post 8vo 9s 

Philosoplw m Sport made 

Science in E mest or the First Principles 
of Natural Ph losonhy expla ned by Aid 
of tho Joys and Sports of Youth By 
Dr Paris Woodcuts Post Bvo 7s fid, 

Physical Geography of the 

Holy Land By Fdwakd Robinson, 
D I) Pont 8vo 10* 6d 

Kirkes’ Handbook of Physio* 

logy By W Morrant Baku 
P ost 8vo 14s 

Metallurgy , Tbe Art of Ex¬ 
tracting Metals from their Ores By 
John Percy TRS With Illustrations. 
8vo 

Flel Wood Peat Coal &e 30s 
Copper Zinc and Brass [fnPrcts 
Iron and S«hl [In Ptws 

Lead and Part of Silver, joa. 

Silver [In Ptw 

Gold and Mkrci ry [In Pms 

Platinum, Tin Nickel Cobalt, Ar 
senic &c [In Pm* 

The Manufacture of Russian 

Sheet iron By John Percy PRS 
8vo, 3» fid 

Elasticity of Iron and Steel 

It* Extensibility and Tensile Strength, 
By Knot Styffr Plates 8vo tea. 

A Manual of Naval Architec- 

tun for the Use of Naval Officers and 
Mercantile Marine ByW H White. 
Illustrations Bvo 
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Shipbuilding in Iron and Steel , 

a Practical Ircatue giving full detail* of 
Coastr irtion M amt (act ire and Muil l 
mg with Result* and Experiments n 
Iron and St-et-l By f J Kkbd Ulus 
tmiotn* Svo 

Ironclad Ships, their Qualities, 

Perf rmances and Cost with Chapter 
on Turret Ships Rams &c Hyr J 
Ruhd, C 11 Illustrations 8 v us 

Letters from Russia in 1875 

By F J Rlkd M P 8vo 

Natural Philosophy , an Intro 

duUi in to the study < f Slat c% Dynamics 
Hydrostatics Optics utd Atuusi t* 
with numerous Examples Hy Samuel 
Nkwth Small 8 vo 3s fid 

Mathematical Examinations A 

Graduated Scries of Elementary Fxam 
le* in Arithmetic Algebm Logarithms 
ngtmometry, and Me home* By 
SamiblNewth Small Bvo 8s fid 


Elements of Mechanics, includ 

mg Hydrwtatica with numerous Ex 
ample* By Samuki Nkwth Small 
Bvo 8s fid 

Pittcrns for Turning, to be 

cut on the Lathe vntftout the use of a*v 
Om imcntal Chuck By W H E LPHiN 
st ink Illustration* Small 410 15* 

Astronomy and Geology com 

pare l By I ord Qrmathwai 1 a Crown 

Sv fis 

longevity of Man, its Pacts 

and its E cUons By W J Ihoms 
1 uni Hvu too, fid 

The Tongue not Essential to 

Speech Wuh lllu*trntion» if the power 
ol Speech m the African Confessors By 
Hon Euwakd rvnaca row Post 8vo, 
t >5 

Gleanings m Natural History 

By Cuwakd Jkssk Woodcuts Feap 
i* fid 


FINE ARTS, ARCHITECTURE, & ANTIQUITIES. 


The National Memorial to the 

PuiNca Consort at Krnsingtow A 
Dcacnptivc and Illustrated Account con 
silting of Coloured Views and Engrav 
ing* of the M mument and its Decora 
lions its Groups, Statue* Mosaics 
Architecture and Metalwork With 

descriptive text by Doynr C Bar l 
Folio, £12 19 s. 

A Popular Handbook to the 

Albert Memorial Ft,ap 8 vo, 15 

Ancient Pottery and Porcelain 

Egyptian Assynart,Greek, Etruscan, and 
Roman By Samuki Birch lllua 

tration* Medium Svo, 43s. 

Mediaeval and Modem Pottery 

rod PORCltLAlN ByJoSRPH Marryat 
Illustration* Medium Bvo, 43 *. 

Troy and its Remains , A Nar 

ratlve of Discoveries and Researches 
made on the Site of Ilium and in the 
Trojan Plain By Dr Schlikmann 
E dited by Philip Smith BA With 

Maps And 500 Illustrations Royal Bvo, 
4 » 

The Cities and Cemeteries of 

Emins By Geokgk Dbnmix With 
XUuatmiona. 9 voU medium 8ro 

History of Painting m Italy; 

from the ad to 14th Century. From 

Original MnUritW mad Reeearcbaa. By 
J A, Cltow* and G 2 Cavalcamlli 
Illustration*. $ volt 8ro, 63a 


History of Painting in North 

Italy from the 14th to 16th Century 
Venice Padua.Vicenra Verona Ferraro, 
Milan Fnuh Brcschia ByJ A Chow* 
and G B Lavalcasellb With Ulus 
nations a vola 8vo, 43s 

Titian his Life and Times 

By J A Crowk and G B Cavalca 
sRLLJt With Illustrations a vola, Svo. 
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Handbook to the Italian 

Schools of Painting Baaed on the work 
of kugler Revised and re modelled 
by Lady Eabtlakx 140 Illustration* 
a volt crown Svo, 30s 

Handbook to the German, 

Dutch and Flemish Schools of Painting 
Based on the work of Kugler Revwed 
and edited by J A Chow* 60 Illvwtra 
twn* a vol* post Bvo, 94s 

Lives of the Italian Painters , 

and the Progress of Palming m Italy 
Cimabue to Baasano By Mra Jameson 
I llustrations. Post 8vo, m 

Lives of the Early Flemish 

Painters, with Notice* of their Works. 
By Crow* and Cavalcaselli IUu* 
trationa Post ®yo, ioa. 6d. or Urge 
paper, 8vo, 13* 

The Cicerone; or, Art Guide 

to Painting m Italy By Dr Brack- 
ha hot Tranaiatad By Mrv A. ClodOM 
Post Bvo, 6s. 
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History of Architecture m all 

Countries from the Earliest 'limes to 
the Present Day By James Vkr ( s 
son With j6oo Illustrations 4 Vuis 
Medium 8vo 

1 and II Ancient and Medi eval 63 * 

III Indian fuid Eastern 43a 

IV Modern 31s 6d 

Rude Stone Monuments m all 

Couni mas their Age and Use* 

By James Ffr^usson Illustrations 
Medium 8vo 24s 

I .eaves from My Sketch Book, 

d irmg Fours in France Holland, 
Sw.tetrland luly By F W Cooks 
R A. 35 Plates. With Descriptive 
I eat if/ Stn*s Royal 410 31a °d 

Leaves from My Sketch Book 

3 d Series Chiefly m Egypt and the 
East By b W Cooks K A. With 
Descriptive Text Small ft lie 

Albert Durer’s Life and Works 

By Dr Thai mint 1 rom the German 
With Portrait and Illustr.ui ns a vils 
ftv0 [In thi rress 

Life of Michel Angelo, 

Sculptor Painter and Architect, includ 
ins unedited Documents in the Buoiiar 
roti Archives now fir*t published by 
Charliw. Heath Wilson Portrait 
and Engravings Royal 8vo, 36s 

The Holy Sepulchre and the 

Temple at Jerusalem. By Jas Fphcos 
son Woodcuts 8 vo, 7* 6 d 

Architecture of Ahmedabad, 

with Historical Sketch and Architectural 
Notes. ByT (, Hop* and Jas Fes 
gusson Photographs 4W 45 S»- 

The Gothic Architecture ot 

Italy By C> E R A II 

lustrations Royal 8vo, *6* 

The Gothic Architecture of 
Spain By G B. Street, R A, Ulus 
trations Royal 8vo, 30# 

Secular and Domestic Archi- 

lecture By Sir Gilbert Scott R A 
8vo, V 

Southern Cathedrals of Eng 

land. Winchester— Sali#buiT“*E :,,: «* <r 

—Wells—Chichester— Canterbury—Ho 

cheater, and Si Albans Illustrations 
% volt, crown 8vo, 3d* 

\ f St Albans s*/*rafirty t 6/ 

Eastern Cathedrals of Eng- 

Un A Oxford Peterborough. Ely, Nor 
inch, and Lincoln Illustrations Post 
Ivo, xSa. 

Western Cathedrals of Eng¬ 
land BnfctoL Gloucester, Hereford 
W^etar.iusd tAchAeld. flluBintfona. 
Poet Svo, 


Northern Cathedrals of Eng 

land York Rip>n Durham Carlisle, 
Cl titer and Manchester Cathedrals 
Illustrations 2 vols post 0vo jt* 

Welsh Cathedrals Bangor— 

Si Asaph —Liar daff—St Davids IHus 
trations Post Svo 

Treasures of Art in Great Bri- 

tun Bong an account of the Chef 
Collections of Paim rgs. Sculpture MSS, 
Mini iturcs By Dr Waagbn 4 vols 
fcvo 

Handbook for Young Painters 

By C B Lem IB, K A Illustrations. 
Post 8vo 78 6 d 

Life and limes of Sir Joshua 

Reynolds with notices of h s Contorapo 
runes By C R Lks» iR R A , and 
low 1 AYLOK P rlraith avail Bio, 
4<W 
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Contributions to the Literature 
or ihb Fine Akis By Sir C Lock 

Fa*.tl are RA With a Memoir by 

Cady F AfcTLAKR a vula. Bvo, *4* 
School Architecture Practical 

Information on the Planning Designing. 
Building uni Furnishing of School- 
h uses etc By h R Robson I Hu* 
tratiom Medium 8vo t 18* 

Notes on the Churches of 

Kent. By the late Str Stephen Oiynnb, 
Bart With Illustrations 8vo 

The Gentleman's House, or, 

how to Plan English Residence*, from 
the Parsonage to the Palace By 
Robert Kekk Plan* *vo, 34s 

Small Country House A brief 

Discourse on the Planning of a Real 
dence to cost from £*ooo to Ajooo 
With Supplementary Estimates to ^yooa 
By Robert Kehk Post 8vo, 31 

Ancient Lights For the use 

of ArehiMCtt, Surveyor, L»wyen,»»S 
Landlord*. By Robert K.*xk 8vo> 
5s. 6d 

Ecclesiastical and Secular 

Architecture of Scotland The Abbey*, 
Lhuichca, Castle* and Mansion* By 
Tuoma* Arnold Illustration*. Me¬ 
dium 8vo t/ n PrefafaHo* 

The Choice of a Dwelling, a 

practical Handbook of useful mfccm*iK» 
on *U point* connected with a notun 
JW PostJJvo, 7* 6d 

Life of Sir Charles Barry, HA, 

Architect By Canon Barry HHia- 
(ration* Medium 8vo, x ja. 

London—Past and Presents 
•hhatwbciCB? , ®r ,_ 

Cownmuioc A n, 
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Philosophy of the Moral Feel 

incs By John Abhkcromd h Fcap 
8vo m &d 

The Intellectual Powers and 

the Invent gat on of T u } By John 
Adekcromb e heap 8vo vl 6d 

Lectures on General Junspru 

dence o ihe Ph o opl y of Tosit ve 
Law By John Au t n Ed cd by 
Rorfrt Campbell avol* 8vo 32s 

The Students Edition of Aus 


T N * Lectu e* on Ju spmdencc Con 
p led fr rathe larger w k By Robert 
Campbell P st 8vr> a* 

Analysis of Austins Juris 

r dence for the U e of S den * lly 
rdun Campbell MA Pot 8vo 6*. 

Constitutional History of Fng 

1 and from the Access on of Henry 
VI [ to the Death of C eorge II By 
Henry Hallam J b ary ed n 3 
voU 8vo 30* or Cab net ed t on 3 
vuls post 8vo 1 as or abrdgcd po t 
8ro 7* 6d 

Ancient Law its Connection 

w th the Fa ly H s<ory of Soc ety and 
t* Relat on to Mode n Ideas By S r 
Henry S Ma nil 8vo las 

Village Communities m the 

East and West. W th other Addresses 
and Essays BtStHenktS Maine 
8vo Id* 

The Early History of Instttu 

tlona By Sr Henry S Mains. 8vo 

hi 

England and Russia in the East 

A Senes of Papers on the Pol t ca! and 
Geograph cal Cond on of Cen ral Asia 
By Sr Henry Rawlinson Map 8vo 

1U 

A Handy Book on the Eastern 

? ue»t on Be ng a very Recent V ew of 
urkey By S r George Campbell 
P o*t 8vo 6s 

The Moral Philosophy of Aris 

totle Translat on* of the N comachean 
Eth c* and of the Paraphrase of And o- 
p cos, with Ph losoph cal Essays etc 
By Walt** M Hatch M A a 
volft 8vo 

Plato and other Companions 

of Socrates By George Ckotk 3 
voU 8vo 43s 

Aristotle By George Grote 

a n>U 8vo 33* 

Minor Works of George Grote 

W th Critical Remarks on his Intellect 
ual Character Writings and Speeches 
By Alex Bain Portrait Ivo 14s. 


Fragments on Ethical Subjects 

By George Grote Be ng a Selec 
t on f ra h 5 Po thumoua Paper* W th 
an I rod ct on By Alexander Bain 
8vo js 6d 

Letters on the Politics of 

Sw ze land pend ng the outbreak of 
the tv I W*r n 1847 By George 
( rote 8vo 6s 


Constitutional Progress A 

Senes of Lect res By Montague 
Burrows Post 8vo, 5s 1 

Constitution and Practice of 

Co ts Mart At By Capt T l Sh 
wons 8vo 15a. 

Administration of Justice under 

Ml ary and Matal Law as appU 
cab e to he Army Navy Mar ne and 
A x 1 ry T ch By CHARLES M 
Clodk 8vo x?8 

Blackstone s Commentaries on 

the Laws of England A new ed don 
a ! pted to the present state of the Law 
By R Malcolm JCekh LL D avoIs 
8vc> 60# _ 

Students Blackstone A Sys 

temat c Abridgment of the ent re Com 
mcmaric# By R Malcolm Kerr 
Post 8vo 7s. 6d 

Communistic Societies of the 

Un ted States W th Accounts of the 
Shaker* and other Soc cues the r 
Crce Is Soc al Pract ces Industries, etc 
By Charles N rdhopf Illustrations. 
8vo 15a. 

The English Constitution, its 

R ** Growth and Present State By 
David Rowland Foat8vo lot 6 d 

Laws of Nature the Foundation 

of Moral* By David Rowland Post 
8vo 6« 


A Manual of Moral Philo 

sophy W th Quotat oni and Refer 
ences By William Flem no Post 
8vo 7» 6tf 


Hortensius, an Historical 

Essay on the Office end Dut os of an 
Advocste By William Forsyth Illus 
Irak on* 8vo rss 


Lessons from Nature, as roam 

fested in Mud and Matter By St 
George Mivart F R S ho im 
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The Bengal Famine How it 

will be Met and how to Prevent Future 
Famine* By Sur Bari lk Fkebb Maps 
Crown 8vo 5s 

Results of Indian Missions 

By Sir Baktlh Frkrk Smill8vo f a* 6d 

Eastern Afnca viewed as a 

I icU for Mission Labour By Sir Bar 
tlk Fkkre Crown 8vo, 5* 

Researches into the Early 

History of Mankind and the Devcl p 
ment f Civilisation By E B Tylok 
8vo ias 

The Slavonic Provinces, South 

of the Danube A Sketch of tlietr 
History and Present Stj.tc in relation to 
the Ottoman Forte By Wm l 4 QRt>YTH> 
M P With Map Post 8vo 5s 

Primitive Culture Researches 

into the Development of Mythology 
Philosophy Religion Art and Custom 
By E B Ivlof a vula 8vo 24s 

Ricardo’s Political Works 

With a Biographical Sketch By J R 
M Culloch 8vo, 165 

Local Taxation of Great Britain 

and Ireland By R II I Paj trays 
8vo, 5».i 


Notes on Banking in Great 

BriUm and Ireland Sweden Denmark, 
and Hamburg By R H 1 Palgrayr 
8 vo 6 s. 

History of British Commerce, 

and of the Economic Pngress of the 
Nihon, 1763 1870 By Luonk Levi 
8vo, 16s 

Ideas of the Day on Policy* 

By Charles Buxton 8vo 6s 

Judgments of the Privy Council, 

■with an Hnt>ncal Account of the Appel 
late Jurisdiction in the Church of Eng 
land By G C Bkodrick and W H 

rKXMANTLR. 8vt>, lOfc 6d 

Parliamentary Government and 

Ref rm with Suggestion* for the Im¬ 
provement of our Representative System 
By Earl Grky 8 vo ( qb 

History of the hnghsh Poor 

Laws By Sir Gho Nicholls a vola 
8 vo 

Consolation m Travel, or, The 

Last Days of a Philosopher By Sir 
Hi mfhry Daw Woodcuts. Fcap 
8vo, 3* 6d 


GENERAL LITERATURE AND PHILOLOGY. 


The Quarterly Review 8vo, 6s 
Prince Albert’s Speeches and 

Addresses on Public Occasion* with ati 
outline of hi» Character Portrait fivo, 
ioa 6d , or fcap 8vo is 

Art, Travel, and Archaeology , 

Sketch®* and Studies Historical and 
Descriptive By Rjchakd J King 
8vo, ias 

The Talmud and other Literary 

Remsuni of Emanuel Deutsch With 
a Memoir 8vo ias 

Punty in Musical Art By 

Justus Thisaut Translated with Pre 
fatory Memoir by W H Gladstone, 
M P Post 8vo 

Letters, Lectures, and Reviews, 

including the Phrontisterlon, or Oxford 
in the i^th Century By Dean Manskl 
8vo, m 

The Novels and Novelists of 

the 38th Century > In Illustration of the 
Manners and Morals of the Age By 
Wm Foksyth Post tvo, 10s. id. 


History of Ancient Manuscripts. 

By Wm Forsyth Post 6vo as Od 

Miscellanies. By Earl Stan- 

hqpr. a vols post$vo, 13*. 

Historical Essays By Earl 

Stanhope. Post 8vo, 3s 6d 

French Retreat from Moscow, 

and other Essays By the late Earl 
Stanhope Post Svo, 7s. 6d 

The Papers of a Critic Se¬ 
lected from the WntingE cf the lale 
C W Djlke. a vols 8vo, t**, 

Etruscan , Inscriptions Ana- 

lysed, Translated and Commented upon 
By Earl of CxAwronD 8vo t in 

The Gypsies of Spain, their 

Manners, Custom*,. Religion, and 
Language. Bv George Borrow 
With Portrait Post Ivo, 5s. 
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The Bible in Spain } or, the 

Journeys Adventure* and I npr son 
menu of an Engl si man in an atte pt 
to rculatc the S r ptures in the Pen 
iniuU By George Borrow Post 
Bvo 3 a, 

Lavengro the Scholir—the 

C psy—and the Pr est By George 
Buhrow Pom 8vo 5s 

The Romany Rye a Sequtl 

to Lavengro By G ok e Borrow 
P st 8vo 5s 

Wild Wales its People I an 

guage and Scenery By George Bok 
ROW Post 8vo 5s 

Tield Paths and Green Lanes 

be ng Country Walks cl cfly n Surrey 
a d Sussex By Lou s, J Jrnn ngs 
P ost 8vo 

The Wayside Cross A Tale 

of the Carl at W r By Capt E A 
Milman Post 8 vo 75 

Livonian Tales By a Lady 

Port 8 vo, 4* 

The Amber Witch a Trial r or 

Wild raft Translated by Lady DUFF 
Gordon Post 8 vo as 

The Handwriting of Junius 

Profess onally nvett gate U>y C Ch a BO 1 
Edited by the Hon *dWakd 1 w slhton 
W th Facs m les 410 63* 

The Literary History of Europe 

By Henry H^llam L brary ed t an 
3 vols 8vo 36A- or Cab net edm n 4 
vols post 8vo i6s 

History of Flemish Literature, 

from the i?th Century to the Present 
'lime By O Delefifrre Bvo 9a. 

Historical Difficulties and Con 

tested Events By Octave DklefJkkrk 
port 8vo 6a 

Handbook of Familiar Quota 

non* from Engl sh Authors Fourth 
Edition Fcap Bvo 

Pilgrimages to Walsmgham 

and Canterbury By Erasmus With 
Note* By J G Nichols FS A. 
Illustration*. Post Bvo 6a 

Stokers and Pokers, or the 

London and North Western Railway 
By Sir F Head Port Bvo a*. 

Blind People their Works and 

Way* With Sketches of some Famous 
Blind Men By Rev B G Johns 
I llustrations. Post 8vo 7s. fid 

Specimens of the Table Talk 

of Samuel Taylor Coleridge Por¬ 
trait Fcap. Bvo 3s. fid 

The Remains m Prose and 

Verse of Arthur Hallam With Memoir 
Portrait Fcap. ftvo, 3s fid. 


Self Help With Illustrations 

of Conduct and Perseverance By 
Samuhi Smiles Small 8vo 6s 

Character A Companion 

to Self Help By Samuhi Smiles 
Small 8vo 6 s 

Thrift A Book of Domestic 

Counsel By Samuel Smile# Port 
8vo 6s 

My Boyhood a True Story 

By H C Barklk* W th Illuslrat at 
¥\ M. 8va 

Mottoes for Monuments, or, 

Ej taj hs selected for Ce eral Study and 
Appl a at* By Mrs Palli&er II 
1 strat % Cr wn 8vo 7a fid 

Words of Human Wisdom 

C n[le ted and Arranged by E S W th 
Preface by Canon Liddon Fcap Bvo 
3* 6 d 

The l aleofFnthiof ByEsxiAs 

Th nrr Tra dated from the Swed sh 
by Capt SfaiunC Post Bvo 7s 6d 

yEsops Tables A new Ver 

* n W th Historical Preface By Rev 
Thomas James Woodcut*. PostSvo 

3 S 6d 

Letters from the Baltic By a 

Ladv Post Bvo as 

I iterary Essays from the 

T me* By Samuel Phillips For 
tra t a vols fcap 8vo 7*. 

Rejected Addresses By James 

aid Horace Smith Woodcuts. Post 
8vo 3s fid or fcap 8v ib 

I ispings from Low Latitudes, 

or the Joimal of the Hon Impulsu 
Gushmgtun Ld ted by Lord Dufferin 
P lates 4to sis 

Dictionary of the English 

Language bated upon the best Philo- 
logic authorities Medium 8vo 

[/* tk 4 PrtSt 

Puss m Boots With Ulus 

trationa. By Otto Speckter xfimo 
it fid or coloured as fid 

An English Grammar Metho 

dlcal Analytical and Historical With 
a Treatise on the Orthography Prosody 
Inflections and Syntax or the English 
Tongue By Professor MaETZNSr 
3 vols $vo 361 

Shall and Will, or, Future 

Auxiliary Verbs By Six Edmund Head 
Fcap 8vo 4s. 

Romano Lavo Lil , Word Book 

of the Romany or English Gypsy Lan 
guage with m Account of certain 
Gypsyriaa. By Gaorqb Borrow Post 
tvo, xes fid. 
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POETRY, THE 

The Prose and Poetical Works 

of Lord Byron W ih Noils 1 y 
Scott Jeffrey V lson Gii r i l> 
Crahrk Hhbkr Lockhart etc etc 
and Not cc» f h s I fc By 1 I ON A 
Moore. IUuitra.t oni a vols royal 8vo 
*S* 

Poetical Works of I ord Byron 

I ibrary cd t on Portmt 6 vola 8vo 

45 * 

Poetical Works of Lord Byron 

Cabinet Fdit on Plate*, io y h fc \ 

8vo 30a 

Poetical Works of Lord Byron 

Pocket Fd tion 8 vola bound ai d in a 
case i8mo us 

Poetical Works of Lord Byron 

Popular edition. Plates Royal Svo 
7s 6d 

Poetical Works of Lord Byron 

Pearl Edit on Post 8 vo as 6d 

Childe Harold ByT ord Byron 

80 Engravings Crown 8 vo iat 

Childe Harold By Lord Byron 

as 6d is and 6d each. 

Tales and Poems By Lord 

Byron 34010, as 6d 

Miscellanies By Lord Byron 

■ vols 94mo 5«. 

Dramas By Lord Byron 

a vols a4mo 5*. 

Don Juan and Beppo By 

Lord Byron a vols 34in 58. 

Beauties of Byron Prose and 

Verse Portrait Fcap 8vo, 3a, Cd. 

Oliver Goldsmith s Works, edit- 

ed by Pbtbr Cunningham V gnettes 
4 vols 8vo 30a. 

Pastoral Colloquies on the 

South Down*—Prophecy arxd Miracles 
By Canon Sxlwyn D D Small 4to 
«*■ 

Argo or the Quest of the 

Golden Fleece a Metrical Talc in ten 
books By the Earl of Grawtord and 
BalcakKE* 8vo, ioe Cd 

Vie de Seint Auban a poem 

in Norman French ascribed to Matthew 
Paris. Cdued with Concordance, Glos 
nuy and Notes by Robert Atkin 
son, M A , LL D Small 4to 10s 6d 

The Vaux de Vire of Matstre 

Jean Ic Hour, Advocate of Vire, Trans¬ 
lated by J P Mu IKK bad Illustrations 
I vo, aiSt 
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Lives of FminentFnglish Poets 

By Samlll J HNtoN Edited by 
PuthR Cunningham 3 vols 8vo 

33 h 6d 

Life and Poetical Works of 

Key GttORGtt Chau ok Plates royal 
Svo 7* 

I ife and Works of Alexander 

Pope kdued by Rev W ki win 
F orints, vol* itus 8vo rot* 6d each 

Iliad of Homer Translated 

into Fngl sh blank verwi By the Earl 
of Dfkby a vols. post 8vo 10* 

Poetical Works of Bishop 

Hel er Portrait Fcap 8vo 35 6d 

Hymns adapted to the Church 

Service By IJ shop Heber i(rao is 6d 

The Sonnet, its Origin, Struc 

t ire ai d Place in Poetry W th 1 ran* 

1 I at ons from Dante and Petrarch By 
Chaklk^ Tomlinson Post 8vo 9* 

Ihe hall of Jerusalem By 

Dean Mtuman Fcap Svo is 

Horace Illustrated with ioo 

Woodcuts Post 8vo 7s 6d. 

Ancient Spanish Ballads 

Hut real and Romantic Translated 
byj G Lockhart Woodcuts Crown 
8 vo js 

Remains in Prose and Verse of 

Arthur Hallam With Memoir Por 
trait. I* cap 8vo 3a. 6d 

Rejected Addresses By James 

and Horace Smith With Biographical 
Notices. Portraits. Post 8vo js. 6d or 
fcap Svo, is 

An Essay on English Poetry 

With short lives of the British Poets. By 
Thomas Cam r bell. Post 8vo, 34, 6d, 

Poems and Fragments of Ca 

tull is Translated m the Metres of the 
Original By Robinson Ellis iAisd 5s 

Political Works of Lord 

Houghton New Edition a vols. fcap 

•vo 

Gongora's Poetical Works. 

With an Historical Essay on the Age of 
Philip III and IV of Spam By Arch 
deacon Chuxto if Portrait • vob small 
Svo, 1 as. 

Poetical Remains of the late 

Archdeacon Churtom Post Ivo, ea, fid. 
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Army List (Published by 

Authority ) With an Alphabetical Index 
Monthly iSroo as 

Navy List (Published by 

Authority ) Quarterly x6rao 3s 
Monthly is 6d 

Nautical Almanack (Pub 

lishcd by Authority ) 8vo as 6d 

Harts Army List (Published 

Quarterly ana Annually ) 8vo 10s 6d 

Admiralty Publications, issued 

by direct on f the Lord* Lomm ss oners 
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Admiralty Manual of Scientific 

Fnqury for the use of Travellers 
Edited Dy Sir I Hekschhl at d Rouhrt 
Main Woodcuta Post 8vo js 6d 

A Dictionary of Naval and 

Military Techn cal Terms Fngl sh 
French Frcn h Ei gl sh By Colonel 
Burn Crown 8vu 15s 

Shipbuilding m Iron and Steel, 

a Practical Treat &c giving full details of 
Construction Processes of Manufacture 
and Building Arrangements with Results 
Add Experiments on Imn and Steel and 
on the Strength and Watcrt ghtness of 
riveted work By E J Rkko C B 
11 J us t rations flvo 

Our Ironclad Ships their 

Qualities Performances and Cost includ 
ing Chapters on lurret Sh p* Ironclad 
Rams etc By E J Reed C B IUus 
trations flvo las 

Manual of Naval Architecture 

for the Use of Naval Officers By W 
H White, With Illustrations flvo 

Modem Warfare as Influenced 

by Modem Artillery By Col P L 
Macdocgalu Plans. Post 8vo tas 

Naval Gunnery, for the Use 

of Officers and the Training of Seaman 
Gunner*. By Sir Howard Douglas 
flvo ox*. 

The Royal Engineer and the 

Royal Establishments at Woolwich and 
Chatham By Sir Francis B Head 

Illustration*, flvo in. 

The Principles and Practice of 

Modem Artillery, including Artillery 
Material, Gunnery, and Organisation and 
Use bf Artillery in Warfare By Lieut 
Col C H Owen IUustratKma 8vo, 
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The Administration of Justice 

under Military and Mart al Jaw a* 
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and Aux 1 ary V rccs By ChaEXE* M 
ClodiL 8vo xas 

History of the Administration 

and Government of the Br t sh Am y from 
the Revolution of 1688 ByC M Clodk. 
a vols 8vo 3is each 

Constitution and Practice of 

Courts Mart al w th a Summary of the 
I t.w af Evidence and some Notice of the 
Cr mi al I^aw of England with reference 
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J F SlMM NS RA flvo IJS. 

Origin and History of the First 

or Grrnadihh Guard* from Docu 
menu in the State Paper Office War 
Offi e Horne f ard* Contemporary 
H htory Regimental Records etc By 
Sir F W Hamilton Illustrations 3 
vols 8 vo 63s 

History of the Royal Artil 

lery Compiled from 1 he Original Re¬ 
cord*. By Mcyor Fhancis Duncan 
a vols 8vo 30s 

Wellington’s Despatches and 

Correspondence 1799 1815 Edited by 
Col Guitwoou 8 vols. flvo £B 8s. 

Wellington's Supplementary 

Despatches and Correspondence Edited 
by h § Son 14 vols flvo ao* each An 
index 8vo *0*. 

Young Officer’s Companion , 

or Essay* on Military V me* and Quail 
ties wun Examples and Illustrations 
from History By Lord Dg Ros Pott 

8vo 9* 

Lives of the Wamors of the 

Seventeenth Century By Gen Sir 
Edward Oust 6 vols post flvo 
\tt Sent* -The Thirtv Year* War, 
1600*48 e vols 9 d S*rttt— The 
Civil Wars of France and England. 
161175 a vols i6t yi Strut —Com 
manders of Fleets and Armies, 164$- 
1704 s vols iBt. 

Deeds of Naval Daring, or, 

Anecdotes of the British Navy By 
Edward Giffard Fcap flvo, 3a 6d. 

Annals of the Wars of the 
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piled from the most Authentic Histone* 
trf the Penod By Gen. Sir E CUsT 
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Trees and Shrubs, Native and 

h oreign which * ill flou x h in the Open 
Aur in our Climitc with Clashed L stn 
of the several Species By A Mon 
CRBDIkn Illustrations 8vo 16s 

Plain Instructions in Gardening, 

with a C'den hr of Operat on'i and 1 > 
rcctiom for every M nth By Mr 
Loudon Woodcuts Fcap 8vo 3s 6d 

A Geographical Handbook of 

Ferns By K M I velL Post 8v 

7» 6d 

Alpine Flowers for English 

Gardens How they may be grown in 
all parts of the Brit sn Islands By W 
Robinson Illustrations Crown 8vo 12a 

Sub Tropical Garden , or, 

Beauty of Form in the Flower Garden 
w th lllustratioi s rf all the finer Fluils 
used for this purpose By W RouiNbON 
Illustrations Small 8vo jh 6d 

Wild Garden , or, How to 

make our Groves and Shml bcncs beaut 
ful by the Naturalmt on of Hardy h xot c 
Plants ByW Robinson Crown 8vo 6s 

Modem Domestic Cookery, 

Founded on Principles of Economy and 
Practice and adapted for private families 
By a Lady Fcap 8vo 5s 


Thrift a Book of Domestic 

Counsel By Samuei Smilrs Small 

8vo 6%. 

Royil Agricultural Journal 

(published half ycTily) 8vo 

Bees and Flowers By Rev 

Thomas James heap 8vo is each 

Music and Dress By a Lady 

Fcap 8vo is. 

Art of Dining, or, Gastro¬ 
nomy and Gastronomers Fcap 8vo 
is 6d 

Choice of a Dwelling , a 

Practic'd Handbook of IJacf 1 Inform* 
t n on nil Pn 1 ts conneett 1 with Hiring 
B y ig or B 1 Id ng a House Plans 

I ost 8vo 7s 6d 

The Gentlemans House, or, 

II w to Plan Fi glwh Residences from 
the Pirsonagc t the Palace With 
Tables of Cost and Plan* By Robert 
Kkkr Illustrat ons 8vo 24s. 

A Small Country House Brief 

D reckons 0 1 the Planning of a Residence 
tocobt from^2000 to £7000. By Robert 
Kerr Post 8vo, 3* 


FIELD 8PORTS. 


Dog breaking, the most Ex- 

peditioua Certain and Easy Method 
By General Hutchinson Woodcuts 
8vo 7a 6d 

Some Account of Deer and 

Dux Parks, with Note* on then* Man 
acemeot By Evkun P Shirley 
IUtutmfcons Fcap 4 t<b an 

Wild Sports and Natural His 

tory of the Highlands By Charles 
St John Poat 8vo 31. 6d 

The Chase—The Turf—and 

the Road By Nimrod. Illustrations. 
Cmosra 8vo> s* or coloured plate*, 7*. 6d 

Salmoma: or days of Fly-Fish 

tag By Sir Humphry Davy Wood 
cut*. Foap 8 to, 91 tfd 


Horse Shoeing, as it is, and 

as it should be By Wn liam DotrCLAg. 
Plates Post 8vo 7s 6d. 

Five Years 1 Adventures m the 

far Inter or of South Afnca with the 
Wild Beasts and Wild Tribes of the 
Forets- By R Gordon Cummino, 
Woodcuts Post 8vo 6*. 

Sport and War Recollections 

>f Fighting and Hunting in South Africa, 
from iSju-67 with an Accoint of the 
Duke ofEdinburgh s Visit By General 
Biwjet, C B Illustration*. Crown 8vo, 
24a. 

Western Barbary, its Wild 

Tribes and Savage Animals. By Sir 
Drummond Hay PostBvo **. 

Spirt in Abyssmia By Sait 

of Mayo Illustration*. Crown 8ro» it*. 
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EDUCATIONAL W0RK8. 


DR. WM SMITH’S 
DICTION ARILS 

A Dictionary of the Bible , Its 

Antiquities Biography ( c graphy, and 
Natural Hutory Illustration*. 3 Vols. 
8vo, 105s 

A Concise Bible Dictionary 

For the use of Students and Families 
Condensed from the above With Mapt. 
and 300 Illustrations 8vo 21s 

A Smaller Bible Dictionary 

For Schooli and Young Persons 
Abridged from the above With Map* 
and Woodcuts. Crown 8vo 7*. 6A 

A Dictionary of Christian An 

tiqumes. ThcH story Institution! and 
Antiquities of the L-hnstian Church 
With Illustrations Vol I Medium 
8vo 31s 6d 

A Dictionary of Christian Bio¬ 
graphy, Literature SecL*. and Doctrines 
From the Time of the Apostles to ihe 
Age of Charlemagne VoL I Medium 
*vo* 31s. 6d 

A Dictionary of Greek and 

Roman Anti juttics Compnamg the 
Laws. Institution!, Domestic t/sages 
Fainting, Sculpture Music, the Drama 
etc With 500 Illustrations Medium 
8vo, ib. 

A Dictionary of Greek and 

Roman Biography and Mythology, con 
talmas* History of the Ancient World 
Civil, Literary and Ecclesiastical, from 
the earliest times to the capture of Con 
•tanaoople by the Turks With 364 
Illustrations. 3 vols Medium 8vo 84s 

A Dictionary of Greek and 

Roman Geography, showing the Rc 
searches of modern Scholars and Travel 
lers, including an account of the Political 
History of both Countries And Cities as 
well at of their Geography With 530 
Illustrations, a vols. Medium 8ro, 50s 

A Classical Dictionary of 



A Smaller Classical Dictionary. 

Abridged from the abort With too 
Woodcuts Crown Bvo, ys, 6d* 


A Smaller Dictionary of Greek 

and Roman Antiquit es. Abridged fr m 
the larger work With aoo Woodcuts. 
Crown ovo, 7! 6d 

A Latin English Dictionary 

Based on the works of Forccllini and 
Fre nd. With Tables of the Roman 
Calendar Measures Weights, and 
Monies Medium 8vo, ets 

A Smaller Latin English Die 

tionary W th Dictionary of Proper 
Names and Tables of Roman Calendar, 
etc. Abridged from the above Square 
iamo, 7s 6dL 

An English Latin Dictionary, 

Copious and Critical Medium 8ro, ait 

A Smaller Enghsh-Latm Die 

t onary Abridged from the above 
Square iamo, 7a 6d. 


A Medieval Latin English Die 

tionary Founded on the Work of 
Ducange. Illustrated and enlarged by 
a id tioi s, derived from Patristic and 
Scholastic Authors, Mcdueval Histones, 
&c Ancient and Modem By E A 
Dayman, B D and J H Hiwskls 

[fn Preparation 


MARKHAM’S HISTORIES 
A History of England, from 

the First Invasion by the Romans Con 
turned down to 1867 With Converse 
ttons at the end of each Chapter By 
Mrs Markham With zoo Woodcuts, 
rsmo, 3s 6d. 

A Histoiy of France, from the 

Conquest by the Gants Continued 
down to 1861 With Conversations at 
the end of eich Chapter By Mrs. 
Markham Woodcata. iamo, 3s. 6d 

A History of Germany, from 

the Invasion of the Kingdom by the 
Romans under Manus Cohtiauad down 
101867 On the Plan of Mn. Markham, 
With 30 Woodcuts. iamo, 3*. 6d. 


Little Arthur's History of Eng. 

land. By Lady Callcott Conunuad 
down to the year 187a. With 3$ Wood 
puts, i&no, is, 6d. 
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MURRAY’S 

STUDENT'S MANUALS 

A Series of Historical Class Books 
for advanced Scholars Forming a 
complete chain of History from the 
earliest ages to modem times 
Student's Old Testament His 

tory. from the Creat on to the Retu i 
of the Jew* from Laptiv ty W th an 
Introd cion by Ph lip Smith Maps 
and Woodcut* Post 8vo 7* 6d 

Students New Testament His 

tory "With an Introduct on connect ng 
the History of the Old and New Testa 
menu. By Philip Smith Maps Tnd 
Woodcut*. Post 8vo 7a. 6d 

Student’s Manual of Ecclesias 

tical History of the Christian Church 
from the Earl est T me* to tho J* ve of 
the Protestant Reformation By PuiLir 
Smith Woodcuts Post 8vo 7s 6d 

Student's Ancient History of 

the Eart Egypt Assyr a Babylon a 
Me dm Persia Phoenicia. &c By Philip 
Smith Post 8vo 7s 6cl 

Students History of Greece, 

from the Earl *nt T me* to the Roman 
Conquest with the H story of L terature 
and Art By Dr Wm Smith Wood 
cut*. Post 8vo 7* 6d. 

Students History of Rome, 

from the Earliest Timbs to the Estal 1 sh 
meAt of the Empire with the H story of 
Literature and Art By Dean Liddkll 
Woodcut* Port 8vo 7*. 6d 

Student’s History of the Decline 

and Fall of the Homan Empire By 
Edward Gibbon Woodcuta Post 
8 vo 7* 6d 

Student’s History of Europe 

dunng the M idols Ages By Henry 
Hallam Port 8vo 7a. 6d 

Student’s History of England 

from the Acceti on of Henry VII to 
the Death of George II By Henry 
Hallam Port 8vo 7* 6d 

Student’s Hume a History of 

England from the Invasion of Julius 
CjCCah to the Rcvolut on m 168s By 
David Hume. Corrected and contmued 
to 1868 Woodcut*. Port 8vo 7*. 6d 

Student’s History of France, 

from the Earlfert Time* to the Establish 
meat of the Second Empire, 185* By 
Rev W H Jjt*vj8 Woodcut*. Port 
8 vo 7*. 6d 

Student’s Manual of Anaent 



Student’s Manual of Modem 

Geography Mathematical, Phy* cal and 
, Descriptive By Rev W L Bkvan 
W oodcut* Poet 8vo 7s 6d 

Student s Manual of the English 

Language Gy Georck P Marsh 
Port 8vo 75 6a 

Students Manual of English 

Literature By T B Shaw Post 8vo 
7s 6d 

Student's Specimens of English 

Litkraturk. By T B Shaw Port 
8vo 7* 6d 

Student s Manual of Moral 

Ph losophy W th Quotat on* and Re 
fcrences. Gy William Fleming Post 
8vo 7*. 6d 

Student s Blackstone An 

Abridgment of the Commentaries, 
adapted to the altered state of tho Law 
By Dr Malcolm Kkkk Port 8 vo 
73 6d. 

SMALLER HISTORIES 
A Smaller Scripture Histoiy of 

tho Old oi d Now 1 estamenu. Wood 
cut*. i6mo 3s. 6d 

A Smaller Ancient History of 

the East from the Earl est Time* to tho 
Conquest of Alexander the Croat 
W th 70 Woodci^U. i6mo 3*. 6d 

A Smaller History of Greece, 

from the Earl est Time* to the Roman 
C ^uc*t W th 74 Woodcut* i6mo, 

A Smaller History of Rome, 

from the Earl est Time* to the ErtabUsh 
ment of the Empire Woodcut*. >6mo 

3 s 6d 

A Smaller Classical Mythology 

W th Tranriations from the Anc int 
Poets and Questions on the Work With 
90 Woodcut* 16 mo 3* 6d. 

A Smaller Manual of Ancient 

Geography With 36 Woodcuta x6mo 
3* 6a 

A School Manual of Modem 

C eograpby Pohtical and Physical 
i6m» 5*. 

A Smaller Histoiy of England, 

from tie Earl ert Tunes to the year 
1868 With 68 Woodcut* >6mo 3*. 6d 

A Smaller History of English 

Literature giving a Sketch of the Lave* 
of our chief Writer*. i6mo» 3*. 6d 

Short Specimens of Enghsh 

Literature Selected from the eMfcf 
Author* and arranged ehronofogtaiiiy 
itoOi jL 6d* 
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Mr Murray s List of 


ENGLISH COURSE 
A Primary History of Britain 

for >lemcnlary Schools Ed ted by 
Dr Wm Sm th. lamo at. 6d 

A School Manual of English 

Oramn m wth Cop out Exerc sea By 
Dr Wm Sm th and 1 D Hall M A 
Post flvo 3* 6d 

A Primary English Grammar 

for FJeme tury Schools W h Ever 
else* and Que ons Fcrun lei o he 
above wo V By I D Ha i6m 
it 

A School Manual of Modem 

Geograj 1 y 1 hys erd and Pol t cal My 
JohnR c iakdson M A Pot. 8vo 5s 

LATIN COURST 
Pnncipia Latina Part I A 

First La Course co p ebend ngGram 
mar Delectus and Exerc se Book w th 
Vocabular W th Acc de ce adapted 
to the O d nary G am ar<* as well 
u the Publ c Scho l Lat Primer 

x a mo 3* 6d 

Appendix to Pnnapia Latina 

Part I Add t ouai h xerc ses, w th 
F wm nat on 1 Rp r o Pr nc p a. 1 atina 
Part I By W ll aiv bM h DC L 
LL D i mo as 6d 

Pnncipia Latma Part II A 

Lat n Read ng Book an Intr du on to 
Anc e t My 1 logy Geography Romm 
Ant an t es a d ll o y W th Notes 
and D ct o ary laroo 3s. 6d 

Pnncipia Latma Part III A 

Lat n Poetry Book conta n ng Easy 
Hexameters and 1 enU meter* Eclogae 
Ov d want Latin Prosody F rat Latin 
Verse Book iamo 3s fid 

Pnncipia Latina Part IV 

Latin Proae Compo t on conta n ng the 
Buie* of Syntax w th cop out. Examples 
and Exerc *c* on the Syntax i«mo 
?». fid 

Pnncipia Latina Part V 

Short Tale* and Anecdote* from Anc ent 
H story for 1 ranslat on nto Latin Prose 
jamOj 3* 

AI atm English Vocabulary ar 

ranged accord ng to subicets and ety 
motogy w th a Latin Engl *1 D ct onary 
to rnxdrus rornelus Nep<* ana 
Caesar* Gall c War" irao 3* 6d 

The Student s Latin Grammar 

Post Svo 6*. 

A Smaller Latm Grammar 

Abridged from the above xtmo 3a 6d 

Tacitus Germania, Agncola, 

and First Book of the Annul W th 
English Note* By Dr W Smith 
iamo u. fid. 

A Childs First Latin Book, 

including a systematic treatment of the 
New Promt nc at ion and a full Praxis of 
Nouns, Adjective*, and Pronoun*. By 
T D tlALL M A tfmo, it fid 


GREEK COURSE 
Initia Graeca, Part I A First 

Greek Course comprehend ng Grammar 
Delectus and Exerc so book. W th 
Vocabularies iamo 3* fid 

Initia Graeca, Part II A 

G eek Read ng Book contain ng Short 
T 1 « Ai e dotes Fable* Mythology 
and (_» cc an H story Arranged a a 
sy ema progress on w th I exicon 
uihd 3* fid 

Initia Gneca Part III Greek 

Pro c Compos t o conta rung a Sy*te 
mu c Co r*c of Exerc tci on the Syn 
tax with the Pnnctial R lei of Syntax 
and an Engl ah Creek Vocabulary to 
tt e Exerc se ismo 3* fid 

The Student s Greek Grammar 

By Professor Curtiu*. Poat 8vo, 6s. 

A Smaller Greek Grammar 

Abridged fro n the above lsrmo 3*. fid. 

Greek Accidence Extracted 

from the above work iamo os fid 

Elucidations of Curtius s Greek 

t rammar Translated by Evelyn 
Abbott Post fivo 7* fid 

Plato The Apology of So 

era es tl e C to and Part of the Phmdo 
w th Notes n Engl ah f om Stallbaun and 
bchlc crm. chcFs Introduct on* By Dr 
Wm Sm th iamo 3* fid 

FRENCH COURSE 
French Pnncipia, Part I A 

First French Course conta n ng Gram 
mar Delectus Exercises, and Vocabu 
lares is no 3* 6d 

French Pnncipia, Part II 

A Read ng Book with Notes and a 
D ct onary iamo 4*. 6d 

Student a French Grammar 

a Pract cal and Historical Grammar of 
the French I anguoge By C Huron 
Wa l W th an Introduction by M, 
Littrs Pott 8vo 7s fid 

A Smaller Grammar of the 

French Language For the Middle and 
Lower Form*. Abridged from the 
above iamo 3s fid 

GERMAN COURSE 

German Pnncipia, Part I A 

F rat German Course contain ng Gram 
mar Delectus Exercises and vocabu 
lory ismo 3s fid. 

German Pnncipia. Part II A 

Reading Book, with Notes and a Dic¬ 

tionary rsmo 3a fid 

A Practical Grammar of the 

German Language with an Historical 
development of tns Language By Dr 
Lronaeo Bcrxitv* Peat *vo> js 64 . 



School Books 
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SCHOOL BOOKS 

An English Grammar A 

Methodical Analyt al and H <ttor al 
Treat ae on tl c Ortl og a pi y Prosody 
Inflect oas and Syntax of the f gl sh 
Tongue Hy Professor Mak nhh 
T ranslated by Cla r J Grhce LI D 
3 vols. Bvo 36$, 

King Edward Vis Latin Ac 

adence or Elements of the I at n 
longue for the Use of Jun ur Llaiacs 
11 mo as 6d 

King Edward VI sLaUnGram 

mar or An Introduct on to tl e Latin 
Tongue iwno 3s 6d 

English Notes for Latin Ele 

giace Dos gned for early profic en s n 
UM art of Lat n Vers fication By Kev 
W Oxenham iamo 39 6 d 

Principles of Greek Etymology 

By PhorEfisoH Curt us TransU cd 
by A S W u ns M A and E B 
England M A a vols Bvo 159 eacl 

Pnncipia Graeca an Intro 

duct on to the study of Greek compre 
hending Grammar Delectus and 
Ex ere se Book w th Vocabularies By 
H E* Hutton M A tamo 39 6d 


First Book of Natural Philo 

•H)phy an I trodu n 0 the S dy of 
Sta I y am H>d o a 9 Op cs 
Q 1 Acou s w h no u Lxa plea 
By Prof urNfwr Sm I fcvo 3s 6d 

Elements of Mechanics includ 

g Hydn s h me exam 
lc By Professor New S nail 8vo 
6 d 

Mathematical Examples A 

C J a cd Sc e of El me tary Exam 
j n. Ar ne c Algcl a I ogar 1 rr s 
1 g nome ry and Meehan c*t By Pro 
fet* or Nkv,t Small 8vo 86 6 d 

Stories for Children Selected 

f h II y of Lnglan \ By 1 W 
C oKfcK WuodcuO*. 6 no as M 

Progressive Geography for 

Cl Id cn By J W Choker i8mo 
is 6d 

^Esop sFal les A New Version, 

h efly fro n Or gi tal S urces. by Rev 
1 homas Jamk W th 100 Wooden tH 
Post 8vo as 6d 

Gleanings in Natural History 

for S I ol W th Anecdotes of the 
Saga y a i Ins met of An mail By 
Euwa d Jk Feap fivo 34 6d 


Buttman s Lexilogus a Critical 

Exam nation of the Mean g and Ety 
mologv of I su^ages in Crock Wr tort 
Translated with Notes by Fishlakb 
8 ro 139 . 

Buttmans Greek Verbs, with 

all the Tenses—their Formation Mean 
lug and Usage accotnwn ed by an In 
dux. Translated w th Notes by Fish 
lake. Post Bvo 6s 

Matthise s Greek Grammar 

Abndgtd by Blomfikld Revised by 
Crook* Post Bvo 4s 


A Popular Etymological Die 

tkmiry of the French Language By 
Edward Pick Ph,D 8vo 7s 6d 


Horace With 100 Vignettes- 

Post Bvo 7*. 


A Practical Hebrew Grammar , 

with an Append Ik containing the Heb 
rew Text of Gooasu I VI and Psalms 
I VI Grammatical Analysis and Vocs 
boisnr By Bov Stanley Lrathu 
Post Bvo 7s. 6d 


The Poems and Fragments of 

Catul lu s By Robimson Ellis, Fcap 
8ro, 5*. 


Philosophy in Sport made 

Sc encc n Earnest or Natunl Ph lo- 
sophy c Icvud by tha loys and Sports 
of You h By Dr I arib Woodcuts, 
h cap Bvo 79 6d 

The Chirmed Roe, or, The 

L tl c Brother and S Htcr By Otto 
b cKiKx Illustrat ons. x&mo 5s. 

Hymns in Prose for Children 

by Mrs Barbauld Illustrations 
reap 8vo 

Puss m Boots By Otto Speck 

txk 111 us tint on 9 . i6mo, is, 6d 

Self Help, with Illustrations 

of Conduct and Perseverance By 
Samubl Smiles Small 8 vo 6s 

Character a Companion to 

” Self Help By SAMUttL SmosL 
Small 8vo os 

Thrift a Book of Domestic 

Counsel. By Samuel Smiles, Smart 
8vo 6* 

A Boy’s Voyage Round the 

World Illustrations By Samuel 
Smiles. Small 8vo, 6s 
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Mr Murray's List of Works 


The Home & Colonial Library. 


Class A—B10GRAPHY HISTORY Ac 

1 Dnnkwater s Gibraltar as, 

2 The Amber Witch 2s 

3 Southey s Cromwell and Hun 

yon as 

4 Barrow s Sir Franc s Drake 23 

5 Br t sh Army at Wash ngton 2s 

6 French n Algiers 2s 

fall of the Jesuits 2s 

Livoman Tales 2s 

9 Condd By Lord Mahon 3s 6<L 
ia Sale s Br cade in Afghanistan 2s 

11 S eges of V enna 2s 

12 Milman s Ways de Cross 2s 

13 War of Liberat on in Germany 

3* 16 d 

14 Gieig s Battle of Waterloo 3s 6d 

15 Stfffkns Adventures 1813 14 

-2b 

16 Campbeli s Br t sh Poets 3s 6d 

17 Essays. By Lord Mahon 3s 6d 

18 GleigsI feofLordChve 3s 6d 

19 Stokers and Pokers By Sir 

Francis Head 9 % 

20 , Gleig s Life of Munro 3s 6d 


Class B—VOYAGES and TRAVELS 

1 Borrow s Bible m Spain. 3*. 6d 

2 Borrow sGipsies of Spain 3s, 6d. 

3 4. H k ber s Indian Journals 7s 

5 Holy Land Irby & Mangles 23 

6 Hays Western Barbary 2s. 

I etters from the Baltic 2s 

Meredith s New S Wales. 2s 

9 Lewis West Ind ea as 

10 Malcolm s Pers a 3s. 6d. 

11 Father R pa at 1 ekin 2% 

12 13 Melvu t e s Marquesas 7s. 
14. Abboi s M ssionary in Canada. as. 

15 Letters from Madras 23 , 

16 St John s Highland Sport* 3*,6d 

17 The Pampas S r F Head 2s 

18 Ford s Span sh Gatherings 3s. 6d 

19 Edwards R ver Amazon 2*. 

20 Aclani s Ind a. 2s 

21 Ruxton s RockyMountam* 3*6d 

22 Carnarvon s Portugal 3s. 6<L 

23 Haygarth s Bush Life 2s 

24 St John 3 Libyan Desert 23 

25 Letters from Sierra Leone. 3a, 6d 


DR. WM SMITH’S AHOIJBNT ATLAS, 


AN ATLAS OF ANCIENT GEOGRAPHY, Biblical and Classical 
Intended to illustrate the Dictionary of the Bible and the 4 Dictionaries 
of Classical Ant q\ ty Compiled under the »upenntendencc of Dr 
WM SMITH and Mr GEORGE GROVE Folio, half bound, £6 6*. 


1 Geographical Systems of the Anc ents. 
a The World as known to the Anc cats 

3 Empires of the Babylonians Lydians 

Modes and Pen ana, 

4 Emt> re of Alexander the Great 

5t d K pgdoms of the Successors of Alex 
ander the Great 


{ The Roman Empire In U greatest extent 
The Roman Empire after its d vision 
into the Eastern and Western Empires* 
9. Greek and Phoenician Colonies 
ia BnUuuua. 

Ti HilMSUL 
ix Gallia. 


13 Oefmama, Rhjefaa Norfqum. 

14 Premia, Thracia, Moat a. Illyria, Dacia. 
13 Italy Sardm a, and Corsica. 

to. Italia Superior 
it Xtahs Inferior 
16 Plan of Rome. 

19 Environs of Rome 

ml Greece after the Doric Migration. 
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4 * 


Greece dur ng the Persian Wars 
Greece during the PelopondMa* War 
Greece during the Achssan League. 
Northern Greece 
Central Greece—Athens. 

Peloponnesus,—With Plan of Sparta. 
Shorn and Islands of the ACgean Sea 
Historical Maps of Asm Minor 
Asia M nor 
Arabia. 

Ind a. 

Northern Part of Afika 
/Egypt and /Ethiopia. 

Historical Mass c/th* Holy Land. 

36 The Holy Land. North and South. 
Jerusalem, Ancient and Modem. 
Environs of Jerusalem 
Si na i 

Asu, toiHuetnUe the Old Tesfemant 
Map, to Ufostrate the New Testament 
43 Plan* of Babylon Nineveh, TrUp, 
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INDEX 


Abinoir § k Lord, Life 
Abcrcromb e » Work* 
AU ops tables 
Agricultural Journal 
Aid to I-aith 
Albert Purer 
Albert ( T e) Memorial 
—— Speeches 
Army L its 
Arnold* Arch ecture 
Art of D ng 
Atk tuon * St Auban 
Austin » J un sprudcnco 


Bardauld s Hymn* 29 

Barclay s Talmud 16 

Barkley 8 Turkey 9 

- My Boyhood 
ow*ft 


Barrow 1 * Autob og achy 
Barry * (S r C ) Lie 8 

Bate* River Amazon 10 
Bax a Eastern boas 8 

Be auc le rk * Norway xi 

Bees and Flower* 95 

Belcher** (Lady) Bounty 10 
Bell s Letters 7 

Bell ■ Tower of London 4 
Belt s N caragua n 

Bertram t Harvest of Sea 17 
Bible Commentary a 

Bigg W thcr*s Brazil 10 
B rth s Arc ent Pottery 18 
B rd t Sandwich Islanas 10 
Bluet** Sport n Africa 9 
B lac ketone s Comment* ao 
Blom&old * (Bp.) Memoir 8 
Blunts Works 15 

Borrow 1 * Works sa 

Boswell s Johnson 7 

Brace s Ethnology 17 

Bray's Cevennes 4 

British Association 17 

Broughton s Alban a 10 
——-Italy is 

Browillow’s Reminiscences 7 
Bmgsch s Ancient Egypt 3 
BurdthardF* C cerone 18 
Buckley’* Natural Science 17 
Burgon*» Tytler 8 

Born ■ Nav & MU Terns 84 
Burrow's Constitution so 
Buttnuao s Works 89 

Buxton s Memoir*, Ac 7 
Byles on Rehgwg 15 

Ayron s Life 7 

— Poetical Works 13 

Camibill s Chancellors 
and Chief Justices 6 

—— Lord Bacon 6 

-Napoleon 7 

^—Turkey ao 

Carnarvon * Athens to 

IB&ff* ‘1 

I s BeaadtcCte <6 

11 Polar Seas u 


Cho cc of a Dwelling 19 

Church and the Age 15 

Chu tons Poetical Works *3 

C odo a M J ary Forces 24 

-Ma ai Law 20 

Colcr dgc s Tab e Talk 22 

Cono ly * L fe 8 

Cooke y 25 

Cooke s Sketches 19 

Cook Se mons 16 

Coopers Ch m 8 

Comwa l 1 a pert 5 

Cowper * Diary 6 

Crab be a L fe and Wo k* 23 

Crawfo d s Argo 2 3 

C okcr*s C eog aphy 39 

— Sto cs for Ch Idrcn 20 

Crowe s Flem *h Pa ntcr 7 18 

--lan ng n Italy 8 

- 1 an 78 

Cumm an s South Africa 9 

Cuoyngluuncs Caucasus 10 

Curt liar Wo ks 38 39 

Curzon * Monaste rs 9 

Cu*t s Annals of the Wars5 *4 

Darw n s Works 17 

Davy s Coosolat on* 7 

-Sal mo a 25 

De Cosson s Blue N 1 # 0 

Dona 1 Etrur a 18 

De by * Homer 93 

Deny s Bampton 5 

De Ro ■ Young Officer 24 

Deu sch » lain ud 8 

Dilke s Papers of a Crit c ai 

Douglas s L fe 8 

——Gunnery 24 

— Horse Shoe ng 95 

Ducango s D ettonary 95 

Du Cha Itu 6 Africa 9 

Dufferin b H gh Latitudes x 
Duncan 1 ArtUcry 5 


Eastlakk 9 Essays 
Eldon s Life 
Elm * Letters 
ELUs s Madagascar 
— Men 0 r 
Ellis * Catullus 
Elphinstonc » Ind a 
Etphuistone s Turning 
Eire * Byron 
Essays on Cathedrals 


FaaQUftsoK s Architect 
tural Works 19 

Forsyth s Cicero 7 
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